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JURASSIC FORMATIONS OF GULF REGION! 


RALPH W. IMLAY? 
Washington, D. C. 


ABSTRACT 


Lower and Middle Jurassic rocks of the Gulf region have been identified only in southern Mexico 
and northern Central America. They consist of several thousand feet of dark marine beds and of vari- 
colored continental beds that contain much carbonaceous shale and some coal. They were deposited 
in a geosyncline north of a rising land mass occupying the site of Honduras and southernmost Guate- 
mala, Chiapas, and Oaxaca. Marine waters entered the region of Veracruz early in Lower Jurassic 
time, spread west and southwest as a narrow embayment that reached the region of northeastern 
Guerrero by late Lower Jurassic time, and spread more and more widely during Middle Jurassic time. 
The climate must have been hot and humid, at least seasonally. 

Upper Jurassic rocks of the Gulf region are dominantly marine, occur in northern and southern 
Mexico, the southern United States, and the northern Antilles, and attain thicknesses of more than 
5,000 feet at many places. The Callovian stage is known only from southern Mexico, where it is rep- 
resented by over 2,000 feet of dark-colored marine beds that indicate a widespread sea and a fairly 
humid climate. The Divesian stage is represented in northern Central America, southern Mexico, 
and the southern United States by 600 to 1,000 feet of rock salt associated with a few hundred feet 
of anhydrite and redbeds that grade shoreward into thick redbeds without salt. Thick redbeds were 
formed in northern Mexico apparently at the same time. Probably the entire Gulf of Mexico was a 
salt-depositing basin for several million years. The Argovian stage is represented in many parts of 
Mexico and the southern United States by dark-colored limestone, but locally by considerable sand- 
stone and conglomerate, and some shale, and ranges in thickness from a few hundred to more than 
2,000 feet. Sites of salt deposition during Divesian time gradually became sites of lime deposition dur- 
ing Argovian time, but elsewhere, as in northern Mexico, the Argovian sea transgressed across red- 
beds and older rocks. The Argovian stage is represented in Cuba by partly metamorphosed sedimen- 
tary rocks that contain considerable argillaceous material. The climate, as during the Divesian, must 
have been very arid. During the Kimmeridgian occurred the most intense orogeny in North America 
since the Paleozoic. Early in the lower Kimmeridgian marine waters retreated basinward from 50 to 
100 miles, giving rise to extensive lagoons in which accumulated thick masses of anhydrite and red- 
beds. Then followed uplift of the positive areas into highlands, or mountains, and considerable erosion 
of the marginal areas of the Jurassic rocks. Orogeny was expressed by block faulting (Palisade dis- 
turbance) in the Atlantic Coast region, and by strong folding and metamorphism in Cuba. Late in 
the lower Kimmeridgian marine waters transgressed widely in the northern parts of the Gulf of 
Mexico and the Mexican sea, but Cuba apparently remained a land area until the upper Portlandian. 
The late Upper Jurassic deposits, formed after the orogeny of the early Kimmeridgian, range in thick- 
ness from a few hundred to a few thousand feet and consist mainly of bituminous and carbonaceous 
shale and limestone, but nearshore deposits contain much conglomerate and sandstone, mostly Kim- 
meridgian and lower Portlandian in age. The northern part of the Mexican sea, unlike the Gulf of 
Mexico, was bordered by lagoons in which some gypsiferous and coaly deposits accumulated. The 
climate of the Kimmeridgian, Portlandian, and Tithonian stages must have been more moist than 
that of the Argovian and Divesian stages. Marine waters retreated slightly from the northern part of 
the Gulf region at the end of the Jurassic, but uplift was much less than during the early Kim- 
meridgian. Continued erosion of the highlands formed during the Palisade disturbance eventually 
produced the Fall Zone peneplain by early Upper Cretaceous time. 


1 Manuscript received, May 17, 1943. Published by permission of the acting director of the 
Geological Survey. 


2 Geologist, Geological Survey, United States Department of the Interior. 
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INTRODUCTION 


Since commercial oil and gas were produced from the Smackover formation 
in the Snow Hill field, Union County, southern Arkansas, in 1936, exploration for 
additional production in Jurassic rocks has been extended southward into Louisi- 
ana and westward into Texas. Despite the considerable depth of the producing 
beds, exploration and development have been favored by the high rate of dis- 
covery of new fields and by the large, persistent production of the fields Recently, 
exploration for oil in Jurassic rocks elsewhere in the southern United States has 
been given marked impetus by the discovery of important commercial oil in the 
Smackover formation in the Midway field, north of the major fault zone in 
southern Arkansas, and by the realization, based on several wildcat wells, that 
the conditions favoring Jurassic production extend from southwestern Alabama 
to the Rio Grande near Del Rio, Texas, and are particularly favorable in north- 
eastern Texas. As a consequence, various oil companies have started exploratory 
geological and geophysical studies, accompanied by an adequate drilling program 
and involving the expenditure of several million dollars. 

As a means of facilitating and guiding this oil exploration, the writer has de- 
termined the ages of the various Jurassic formations by means of the larger fos- 
sils obtained from cores, has studied the stratigraphy from a regional viewpoint, 
has made comparisons with similar, equivalent formations in Mexico with which 
he is familiar, and has interpreted the geologic history of Jurassic time in the 
southern United States on the basis of a comprehensive study of the, Jurassic 
sequence in all lands bordering the Gulf of Mexico. The results of these studies 
are presented herein as a synthesis of existing knowledge, as a preliminary con- 
tribution leading to more detailed work in the near future, and as a demonstration 
of the value of paleontological and regional stratigraphical studies during the 
progress of oil exploration. 
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Company, Dallas; M. C. Israelsky of the Union Producing Company, Houston, 
Paul Weaver of the Gulf Refining Company, Houston; John C. Miller and S. A. 
Berthiaume of The Texas Company, Houston; and E. Floyd Miller of the Oli- 
phant Oil Company, San Antonio. The writer is particularly indebted to Roy T. 
Hazzard for many basic data, for working space in his company’s office, for 
furnishing assistance and transportation during a collecting trip in southern 
Arkansas, for introductions to many geologists interested in the oil possibilities 
of the Jurassic formations, and for much encouragement and assistance during 
the preparation of the manuscript. Preparation of the part dealing with the 
southern United States would not have been possible without the splendid 
codperation of these geologists and their associates. 

Thanks for reading and criticizing the manuscript are due Roy T. Hazzard, 
B. W. Blanpied, and Warren B. Weeks of Shreveport, Louisiana, and John B. 
Reeside, Jr., of Washington, D. C. Roy E. Dickerson of Washington, D. C., 
kindly read the part dealing with the Cuban Jurassic. 


SUMMARY OF REGIONAL STRATIGRAPHY 
SOUTHERN UNITED STATES 


Upper Jurassic formations have been penetrated by drilling from eastern 
Texas to southwestern Alabama and as far north as southern Arkansas. Their 
present limits were produced by erosion during, and at the end of, Upper Jurassic 
time and at the end of Comanche time, but in most places, they probably never 
extended more than 50 to 100 miles farther inland, as indicated by formational 
thinning and facies changes. Their thickness ranges from about 3,000 feet in 
southern Arkansas to about 7,000 feet in northern Louisiana. The maximum 
known thicknesses in eastern Texas and in Alabama are comparable with those 
in Arkansas. The Upper Jurassic sequence is remarkably uniform throughout 
most of its extent. This uniformity is ascribed to the peneplaned condition and 
the high aridity near the areas of deposition at the beginning of Upper Jurassic 
time. Brief summary descriptions of the formations from oldest to youngest are 
given in the following paragraphs. 

The Eagle Mills formation comprises a redbeds facies shoreward and a salt 
facies basinward, which grade into each other along a rather narrow zone. The 
redbeds facies consists mainly of argillaceous to sandy, hard, red shale and at- 
tains a maximum thickness of at least 1,780 feet. The salt facies is fairly pure, 
contains a few lenses of anhydrite, is marked basally by 50 to 100 feet of anhy- 
drite, and attains thicknesses of 960 to 1,250 feet. In the area between the chief 
area of salt deposition and that of redbeds deposition, the salt is overlain and 
underlain by redbed units which thin basinward. The upper redbeds unit is con- 
formable with, and generally transitional into, the overlying Smackover forma- 
tion, and may be interpreted as grading basinward into the basal part of the 
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Fic. 2.—Index map of northeastern Texas showing positions of wells drilled into or through Jurassic formations. 
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Smackover formation. The lower redbeds unit is generally conglomeratic at its 
base and rests unconformably on late Paleozoic, or probable Paleozoic rocks. 
The distribution of the salt facies indicates that it was formed as a single mass 
in a large basin that extended at least as far south as the present Gulf Coast. 
The transitional relationship of the Eagle Mills formation to the Smackover 
formation shows that it was deposited in early Upper Jurassic time rather than 
previously. Its origin during the Divesian stage is indicated by the occurrence 
of ammonites of upper Argovian age in the Smackover formation only 300 feet 
above the salt and by comparisons with the stratigraphic position of similar salt 
masses in southern Mexico and in the Western Interior of the United States. 
The Eagle Mills formation was deposited on a peneplaned surface at a time of 
great aridity. 

The Smackover formation comprises two facies which grade into each other 
over a wide zone. One facies consists of interbedded limestone, dolomitic lime- 
stone, dolomite, and some anhydrite, and occurs along the western and northern 
sides of the East Texas basin, in southern Arkansas, and in southwestern Ala- 
bama. The other facies consists of interbedded limestone, shale, siltstone, sand- 
stone, and traces of anhydrite, and has been identified only in northern Louisiana 
and adjoining Panola County in eastern Texas. In addition to these facies, the 
Smackover formation of Arkansas and Louisiana consists of two members that 
are transitional into each other. The upper member in Arkansas consists mainly 
of white to brown, odlitic to chalky, porous limestone that thickens southward 
from 280 to 500 feet. It passes southward in northeastern Louisiana into dark 
limestone, sandstone, and shale, and in northwestern Louisiana into dark lime- 
stone and shale as much as 760 feet thick. The lower member in Arkansas consists 
mainly of gray to brown, dense limestone that commonly has dark argillaceous 
partings and thickens southward from 200 to 450 feet. It passes southward in 
northeastern Louisiana into dark limestone, shale, siltstone, and some sandstone, 
and in northwestern Louisiana into dark limestone and shale that are as much as 
goo feet thick. The Smackover formation is overlain conformably and in many 
sections gradationally by the Buckner redbeds and anhydrite, but locally is 
overlain disconformably by the Cotton Valley formation. The Smackover forma- 
tion is of early Upper Jurassic age, as it has furnished a fairly large fauna repre- 
senting the Argovian stage. The lower member of the Smackover formation is 
probably partly of chemical origin, as indicated by its extremely fine texture, by 
its interbedded anhydrite, and by its gradation in some sections into the Eagle 
Mills formation. The upper member in Arkansas was deposited mainly in shallow, 
normally marine water, as shown by the presence of odlites, chalky limestone, 
and shallow-water organisms. The wide distribution of the Smackover limestone 
facies as a nearshore deposit from Texas to Alabama is probably a result of the 
high aridity and the peneplaned surface of the interior of the continent in early 
Upper Jurassic time. Under such conditions only a few master streams would 
reach the sea and for great distances the deposition of limestone. dolomite, and 
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gypsum would occur near shore. However, at least one large river emptied into 
the sea in the region of northern Mississippi, as shown by the southward change 
of the Smackover formation from dominantly limestone in southern Arkansas to 
limestone, sandstone, and shale in northern Louisiana, and by an eastward in- 
crease in the amount of sandstone across northern Louisiana. 

The Buckner formation in southern Arkansas and along the west side of 
the East Texas basin consists mainly of red shale and white to pink anhydrite, 
but includes some green shale, some red and gray sandstone, and thin beds of 
dolomitic limestone and shaly dolomite. Red shale predominates in the upper 
part, and anhydrite in the lower part. The Buckner formation in northern 
Louisiana differs from that in Arkansas by being sandier and by containing many 
dark beds, of which some contain marine fossils. It becomes generally sandier and 
redder toward the east, shalier and darker toward the west, and probably grades 
southward into normal marine shale. The formation in southwestern Alabama 
resembles the sandier sections in northeastern Louisiana. Thicknesses range from 
about 50 to 475 feet and become generally greater basinward. The contact with 
the overlying Cotton Valley formation is disconformable. The age of the Buckner 
formation is determined approximately by its position between the Smackover 
formation, whose upper part contains upper Argovian fossils, and the Cotton 
Valley formation, whose lower part contains middle Kimmeridgian fossils. It is 
tentatively assigned to the lower Kimmeridgian because it appears to grade 
. southward in northwestern Louisiana into dark shale that contains lower Kim- 
meridgian ammonites and because it appears to be the stratigraphic equivalent 
of thick masses of gypsum in northern Mexico and western Texas that probably 
represent earliest Kimmeridgian time. The extent of the Buckner anhydrite and 
redbeds indicates marginal deposition. 

The Cotton Valley formation consists of a redbeds facies nearshore, and a 
dark, normal marine facies offshore. The redbeds facies, or Schuler member, 
consists of variegated shales and sandstone, and generally a basal conglomerate. 
It has been identified in Alabama, Mississippi, northeastern Louisiana, southern 
Arkansas, and along the western and northern sides of the East Texas basin. The 
dark marine facies consists mainly of shale, but includes many beds of sandstone 
and limestone. It has been identified in north-central and northwest Louisiana 
and in Panola County, Texas. These facies grade into each other along the 
Arkansas-Louisiana boundary. The formation thickens basinward from a feather 
edge generally to more than 3,000 feet in northwest Louisiana and attains a 
maximum thickness of 3,980 feet, in the North Lisbon field of Louisiana. It rests 
disconformably on the Buckner formation in most places but locally rests on the 
eroded surface of the Smackover formation, or overlaps on the Eagle Mills forma- 
tion. It is overlain disconformably by Lower Cretaceous beds throughout most 
of southern Arkansas but is apparently conformable with the Lower Cretaceous 
in northern Louisiana. The Cotton Valley formation is of late Upper Jurassic 
age, and its lower part definitely represents the Kimmeridgian stage. The time 
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represented by the disconformity at the base of the formation is correlated with 
the beginning of the Palisade disturbance of eastern North America, of a middle 
Upper Jurassic orogeny in Cuba, and of the draining of the Sundance sea from 
the United States, and more distantly it is correlated with the Nevadian orogeny 
of the Pacific Coast region. The Cotton Valley formation was deposited in a 
shallow transgressing sea that apparently was fed by many rivers draining bor- 
dering highlands in the southern Appalachian region, the Ouachita Mountain 
region, and the Central Mineral region. The darker color of the Cotton Valley 
formation than that of the underlying Jurassic formations and the presence of 
thin seams of coal in some sections suggest that the surrounding land masses had 
a more moist climate than previously in the Jurassic. 


NORTHERN MEXICO AND WESTERN TEXAS 


Lower and Middle Jurassic rocks are not known in northern Mexico, but 
Upper Jurassic rocks are widely distributed, are mainly marine, and attain 
thicknesses of 2,600 to 4,800 feet. The formations are noted for their uniform 
lithologic characteristics over great areas. Littoral sediments occurring along 
the northern and eastern margins of the Mexican geosyncline reflect the presence 
of rising land masses in the regions of western Texas, northern and central Coa- 
huila, and the eastern margin of the Sierra Madre Oriental. 

Redbeds of possible early Upper Jurassic age have been observed beneath 
marine beds of Oxfordian age, wherever the base of the latter is exposed in 
northern Mexico. However, locally in the Sierra Madre Oriental, as near Miqui- 
huana, Nuevo Leon, the redbeds lie directly beneath Lower Cretaceous lime- 
stone. The redbeds consist of shale, sandstone, and conglomerate, are dominantly 
red but are variegated with green, purple, brown, and yellow colors, and range 
in thickness from 330 to 1,000 feet. Conglomerate occurs at the base of the red- 
beds and in some sections occurs higher. It consists partly of quartz pebbles and 
partly of material derived from underlying or near-by rocks. The redbeds rest 
with angular unconformity on rocks ranging in age from middle Permian to 
probable pre-Cambrian. In most sections the redbeds are folded concordantly 
with the overlying Upper Jurassic marine beds, and either grade upward into the 
marine beds, or, more commonly, are limited at their top by a conglomerate 
marking the base of the overlying formation. However, in the Peregrina and 
Miquihuana areas of southwestern Tamaulipas the redbeds dip much more 
steeply than the overlying marine beds. This relationship has commonly been 
interpreted as an angular unconformity but might have been produced by the 
overthrusting which occurred in those areas after Cretaceous time. An early 
Upper Jurassic age for the redbeds is suggested by their generally concordant and 
locally gradational relationships with the overlying marine beds of the La Gloria 
formation or the Zuloaga limestone which are mainly or entirely of Arvogian age. 
Correlation with the redbeds of southern Mexico and the Eagle Mills redbeds of 
the southern United States is suggested by their similar lithologic characteristics 
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and by their stratigraphic position between marine beds of late Paleozoic age 
and middle Upper Jurassic age. A continental rather than a marine origin for 
the redbeds of northern Mexico is indicated by a complete lack of marine fossils 
and by some cross-bedded sandstones. However, some of the beds may have been 
deposited in brackish or even highly saline waters. 

The early Upper Jurassic rocks directly overlying the redbeds in northern 
Mexico have been referred to the La Gloria, Zuloaga, and Novillo formations. 
The La Gloria formation includes nearshore deposits and is characterized by sand- 
stone and conglomerate, which in some sections are interbedded with consider- 
able medium- to thick-bedded limestone, but contain very little shale. It has been 
identified only in eastern Durango and southern Coahuila and attains a maximum 
thickness of about 2,400 feet. The Zuloaga limestone is the offshore equivalent 
of the La Gloria formation. It is generally dark gray and thick-bedded, is widely 
distributed throughout the Mexican geosyncline, ranges in thickness from about 
400 to 2,000 feet, and becomes thinner southward. The Novillo formation was 
proposed for several hundred feet of gray, thick-bedded limestone containing 
minor amounts of varicolored sandstone that overlies redbeds near Huizachal 
in southwestern Tamaulipas. The writer considers that its name should be aban- 
doned in favor of Zuloaga. The base of the La Gloria formation or of the Zuloaga 
limestone is generally marked by a thin conglomerate composed of materials 
derived partly from the redbeds and partly from igneous and sedimentary rocks 
in near-by areas. The upper parts of the La Gloria and Zuloaga formations be- 
long to the Argovian substage of the Oxfordian, but their lower parts may be as 
old as the Divesian substage as is indicated by ammonites found in eastern 
Durango. The La Gloria formation was deposited around the margin of the 
Coahuila Peninsula as lenses of sand and conglomerate interfingering seaward 
with nearly pure lime mud. The Zuloaga limestone was formed offshore, or wher- 
ever bordering lands were low. Its thick-bedded character and the presence of 
beds of corals and gastropods probably indicate deposition in warm, shallow, 
much agitated waters. 

The late Upper Jurassic rocks directly overlying the La Gloria and Zuloaga 
formations in northern Mexico and the Permian rocks in western Texas have 
been referred to the Malone, La Casita, La Caja, and Olvido formations. The 
Malone formation of Hudspeth County in western Texas consists of limestone, 
shale, siltstone, sandstone, conglomerate, and gypsum. Its upper part consists 
mainly of limestone, its middle part mainly of sandy shale, siltstone, and gravel, 
and its lower part mainly of gypsum. It attains a maximum thickness of about 
1,700 feet and thins markedly eastward. The La Casita formation of northern 
Mexico is a nearshore facies consisting of conglomerate, sandstone, shale, marl, 
limestone, gypsum, and minor amounts of coal and is characterized by car- 
bonaceous and gypsiferous beds. It has been identified in eastern Chihuahua, 
eastern Durango, southern and east-central Coahuila, in a well in northern Nuevo 
Leén, and in the Sierra Madre Oriental from the region of Saltillo southward 
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to southern Nuevo Leén and southwestern Tamaulipas. Its thickness ranges 
from about 200 to more than 1,400 feet. The La Caja formation is the offshore 
equivalent of the La Casita formation and consists of thin-bedded limestone, 
marl, and shale that are mainly dark-colored. It is widely distributed throughout 
the central part of the Mexican geosyncline, where its thickness is generally less 
than 300 feet. The Olvido formation includes the thick gypsiferous masses at 
the base of the La Casita formation in the Sierra Madre Oriental and adjoining 
areas in northern Mexico. The formation consists mainly of pink and white 
gypsum but includes some gray limestone and dolomite and variegated sandstone 
and shale. Its thickness ranges from 165 to 1,215 feet. The contact of the La 
Casita and La Caja formations with the underlying La Gloria and Zuloaga for- 
mations is distinct, and represents an erosional disconformity near the northern 
and eastern margins of the Mexican geosyncline, and perhaps a depositional dis- 
conformity throughout much of the northern part of the geosyncline. The dis- 
conformity is indicated by basal conglomerates, or thick gypsum masses, or coal 
beds, and by the absence in northern Mexico of fossils representing most of the 
lower Kimmeridgian. The La Casita and La Caja formations in places are sharply 
demarcated from the Lower Cretaceous beds, but the succession of ammonite 
faunas indicates continuous deposition in the central part of the Mexican geo- 
syncline and a minor disconformity locally in the marginal areas. According to 
the ammonite record, the La Casita and La Caja formations range in age from 
late lower Kimmeridgian (beds with Jdoceras balderum) to Tithonian (beds with 
Substeueroceras); the Malone formation has approximately the same age range, 
but its highest beds have not furnished ammonites younger than upper Port- 
landian (beds with Kossmatia); and the Olvido formation is of lower Kim- 
meridgian age (older than the beds containing Idoceras balderum (Oppel)). The 
La Casita and La Caja formations are correlated with the Cotton Valley forma- 
tion. The Olvido formation is comparable in lithologic character, stratigraphic 
position, and geographic relationship to Jurassic land masses with the Buckner 
formation of the southern United States and the basal gypsum beds of the 
Malone formation of western Texas. The distribution and thickness of the Olvido 
formation show that it was formed in extensive marginal lagoons. The overlying 
carbonaceous shale and coal beds of the La Casita formation were probably 
formed partly in lagoons that had more or less open connections with the sea. 
Deposition of large amounts of sandstone and conglomerate in certain areas 
during Kimmeridgian and lower Portlandian time shows that land masses were 
rising locally until lower Portlandian time. The abundance of shale and organic 
matter suggests that the climate was less arid than during the early Upper 


Jurassic. 
SOUTHERN MEXICO AND NORTHERN CENTRAL AMERICA 


The Lower Jurassic rocks of southern Mexico and northern Central America 
consist of a marine and a continental facies. The marine facies has been identified 
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only in northwestern Veracruz, eastern Hidalgo, and northern Puebla. It consists 
mainly of ammonite-bearing dark shales but contains intercalations of green, 
yellow, and gray sandstone, and is at least 400 meters (1,312 feet) thick. The con- 
tinental facies has been identified in western Oaxaca, southern Puebla, and 
northern Chiapas, and probably exists in northern Guatemala, Salvador, Hon- 
duras, and Nicaragua. It consists of varicolored shale, sandstone, conglomerate, 
and some coal, and is several hundred meters thick. Much of the shale is car- 
bonaceous and contains numerous plant remains. The continental facies rests on 
schist, gneiss, and granite, or on upper Paleozoic sedimentary rocks, and grades 
upward into mixed continental and marine beds of Middle Jurassic age. The base 
of the marine facies of the Lower Jurassic is not exposed, but its top is overlain 
disconformably by thin redbeds at the base of a thick Upper Jurassic sequence. 
The age of the Lower Jurassic rocks has been determined by ammonites and plants 
in the marine facies and by plants in the continental facies. The Lower Jurassic 
rocks were deposited in a trough north of an Antillean-Central American land 
mass. Marine waters entered the region of Veracruz early in the subperiod and 
spread westward as a narrow embayment that reached the region of Guerrero by 
late Lower Jurassic time. The climate must have been hot and humid, at least 
seasonally. 

The Middle Jurassic rocks of most of southern Mexico represent a mixture 
of continental and marine facies. They consist of interbedded conglomerate, 
sandstone, shale, marl, limestone, and coal, which are mostly of dark color. Most 
of the carbonaceous material is in the lower part of the sequence. Marine bivalves 
occur in the sandstone, and ammonites occur in nodules in the shale. The thick- 
ness in some places is several hundred meters. The Middle Jurassic rocks grade 
upward into marine shale and limestone of early Upper Jurassic age and down- 
ward into the coal-bearing continental beds of Lower Jurassic age. The Middle 
Jurassic rocks of Chiapas and northern Central America represent a continental 
facies and have not been differentiated from the Lower Jurassic. No marine fos- 
sils have been found in them, but studies have not been sufficient to prove the 
absence of marine rocks. They are overlain by Upper Jurassic limestone, shale, 
and gypsum, and perhaps rock salt, but the nature of the contact is not known. 
The age of the Middle Jurassic rocks has been determined mainly by ammonites 
found in western Oaxaca and northeastern Guerrero. Deposition of the Middle 
Jurassic sediments was practically in the same areas as the Lower Jurassic sedi- 
ments, but the change from dominantly littoral sediments in the lower part of the 
sequence to dominantly marine sediments in the upper part suggests that marine 
waters encroached more and more widely on the land during the subperiod and 
were more extensive than during the Lower Jurassic. The climate probably was 
similar to that of the Lower Jurassic. 

Upper Jurassic rocks have not been definitely identified by fossils in northern 
Central America but probably exist there. In southern Mexico they have an ex- 
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tensive distribution and consist almost entirely of marine beds. Their thickness 
is at least 5,000 feet. 

The Callovian stage, of earliest Upper Jurassic age, is known only from 
western Oaxaca and northeastern Guerrero. It is represented by shale, marl, 
limestone, and some sandstone that are mainly of dark color and attain a thick- 
ness of at least 660 meters (2,165 feet) in northeastern Guerrero. The beds grade 
downward into the Middle Jurassic marine and continental beds, but the rela- 
tionship with the overlying Oxfordian limestone and marl is not known. The age 
of the beds has been determined by many ammonites which show that both the 
lower and upper Callovian are represented. The thickness of the marine de- 
posits and the abundance and characteristics of the ammonites show that the 
Callovian sea covered a large area in southern Mexico and entered from the east. 

The Divesian stage is probably represented by redbeds, salt, and gypsum that 
are widespread in southern Mexico and northern Central America. The distribu- 
tion of the redbeds and salt is indicated by salt domes in southern Veracruz and 
by salt springs in northeastern Guerrero, western Oaxaca, southern Puebla, 
southern Veracruz, central and northern Chiapas, southern Tabasco, and north- 
ern Guatemala. Their complete thickness is not known, but a well in southern 
Veracruz penetrated 2,120 feet of redbeds and salt, of which about five-sixths is 
salt. Their lower limit has not been determined, but their upper limit wherever 
observed is concordant with Upper Jurassic marine limestone. The redbeds and 
associated salt and gypsum have furnished no fossils, but their assignment to the 
Divesian stage is indicated (1) by their concordant relationship with the over- 
lying Upper Jurassic limestone, (2) by their probable correlation with the Eagle 
Mills redbeds and salt, which grade upward into limestone of Argovian age, (3) 
by the various stages previous to the Divesian being well represented in southern 
Mexico by marine fossiliferous beds or by coal and plant-bearing beds, which 
show that conditions were decidedly unfavorable for the deposition of a thick, 
extensive salt mass, and (4) by excessive aridity in North America during the 
Divesian, as shown by the presence of bedded salt deposits of that age in the 
Western Interior. The possibility that the redbeds and salt are of Triassic age 
seems very unlikely considering that marine beds of Triassic age have not been 
identified in southern Mexico, and that the marine beds of Upper Triassic age in 
central Mexico are completely unlike the redbeds in color, composition, and de- 
positional history. An upper Permian age for the redbeds is even less likely con- 
sidering that the middle Permian beds of Mexico are much more strongly folded 
than the redbeds. The distribution of the salt facies for at least 700 miles along 
the southern margin of the Gulf of Mexico, the lack of structural evidence of any 
barrier on the north, and the presence of similar salt deposits in the southern 
United States from the lower Rio Grande to Alabama suggest that the salt 
basin was part of the Gulf of Mexico. The climate must have been arid for several 
million years. 
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The Argovian stage has been identified in southern Mexico only in western 
Oaxaca and in the Huasteca area of northwestern Veracruz. In western Oaxaca 
it is represented by limestone and marl whose stratigraphic relationships and 
thickness are not known. Near Huayacocotla, Veracruz, it is represented by about 
400 feet of compact, gray limestone, which grades downward into a thin unit of 
conglomeratic redbeds that rest disconformably on Lower Jurassic beds. The 
limestone is overlain abruptly but conformably by Upper Jurassic dark shale and 
limestone that basally contain lower Kimmeridgian ammonites. The age of the 
Argovian limestone and marl has been determined by its stratigraphic position 
and by the presence of gastropods and pelecypods like those in the Zuloaga lime- 
stone of northern Mexico. The basal conglomerate in the Huasteca area shows 
that the sea of Argovian time was transgressive, but the thick-bedded limestone 
and the absence of coarse detrital material above the basal redbeds indicate 
shallow waters, either distant from land, or bordering very low land. 

The Kimmeridgian, Portlandian, and Tithonian stages of the late Upper 
Jurassic are represented at many localities in southern Mexico by limestone and 
shale that are mainly dark-colored and bituminous, or carbonaceous. Thicknesses 
range from 450 to 650 feet in the few places where measured, but a thickness 
of more than 3,000 feet is reported to occur near Tamazunchale in southeastern 
San Luis Potosi. The lower boundary of the beds, observed only in the Huasteca 
area of Veracruz, is abrupt but conformable and probably does not represent a 
disconformity. The upper boundary is apparently gradational with the Lower 
Cretaceous. The age of the beds has been determined mainly by ammonites, 
which are very abundant in most sections. These show that in the Huasteca 
area of Veracruz the lower Kimmeridgian is more fully represented than in 
northern Mexico. Deposition probably occurred in tranquil, moderately shallow 
waters, perhaps in part in stagnant bays more or less isolated from the sea, as 
attested by an abundance of ammonites, the rarity of benthonic organisms, an 
exceptional richness in bitumen, and locally the occurrence of complete fish 
skeletons, united aptychii valves, and considerable pyrite. 


CUBA 


The Lower and Middle Jurassic are not known in Cuba, although possibly 
represented in the lower part of the enormously thick San Cayetano formation. 
The Upper Jurassic is represented by at least the upper part of the San Cayetano 
formation and by the Vifiales limestone. 

The San Cayetano formation consists of schist, slate, phyllite, quartzitic 
sandstone, quartzite, gneiss, limestone, and marble. Phyllite, schist, and marble 
predominate. Most beds are dark-colored, but nearly all argillaceous and arena- 
ceous beds weather reddish brown. The degree of metamorphism varies consider- 
ably within short distances but becomes greater eastward. The formation has 
been identified by lithologic similarities on the Isle of Pines, in the northwestern 
part of Pinar del Rio Province, in the Trinidad Mountains of southern Santa 
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Clara Province, and possibly exists in Oriente Province. Its apparent thickness 
in Pinar del Rfo Province has been estimated as 10,000 to 20,000 feet, and in 
southern Santa Clara Province as 23,000 to 38,000 feet. Its base is not exposed, 
but its top is marked by an angular unconformity. Evidence for the unconformity 
consists of the much greater degree of metamorphism and folding of the San 
Cayetano formation than of the overlying Vifiales limestone and of the absence 
of certain Kimmeridgian and Portlandian faunas that should be present if the 
sequence were complete. Ammonites from concretions in phyllites of the San 
Cayetano formation definitely represent the Argovian and probably also part of 
the lower Kimmeridgian. The formation was deposited as marine sand, clay, and 
lime mud that were probably derived mainly from the south. It was strongly 
folded and partly metamorphosed during the middle Upper Jurassic. 

The Vifales limestone consists mainly of dark, bituminous, fairly thin-bedded 
limestone but includes considerable dark shale and chert. It crops out in northern 
Cuba from western Pinar del Rio Province to eastern Camagiiey Province, a 
distance of about 375 miles, and remains nearly uniform lithologically throughout 
that extent. Its thickness has been variously estimated from 1,000 to 5,000 feet. 
Its upper limit is apparently conformable with overlying tuffaceous beds of 
probable early Upper Cretaceous age, but formational distribution indicates an 
unconformable relationship. Its age is definitely upper Portlandian. It was de- 
posited in quiet waters, as indicated by distinct and generally thin bedding, by 
some included plant débris, by its high bituminous content, and by absence in 
most places of structures suggestive of deposition in agitated waters. Rapid de- 
position of organic muds rather than great depth of water may account for the 
scarcity of bottom-living mollusks. Local shallows are suggested by the presence 
of some odlites. 

GULF REGION OF UNITED STATES 
EAGLE MILLS FORMATION 


Definition—The Eagle Mills formation was named* after the Amerada 
Petroleum Company’s Eagle Mills well No. 1 in Sec. 11, T. 12 S., R. 16 W., a 
little north of Eagle Mills, Ouachita County, Arkansas, where it consists of about 
1,190 feet of red shale and sandstone. Southward from the type locality, the red- 
beds pass abruptly into a thick mass of rock salt that contains minor amounts of 
anhydrite throughout and generally a fairly thick unit of anhydrite at its base. 
Redbeds persist at the top and bottom of the salt mass in most sections in Arkan- 
sas and are known to petroleum geologists as the ‘“Norphlet tongue” and “Louann 
tongue,” respectively. Throughout its extent, the Eagle Mills formation underlies 
the Smackover limestone conformably or transitionally. In Arkansas, it overlies 
upper Paleozoic shale and slate with marked angular unconformity, as shown by 


3 Warren B. Weeks, “South Arkansas Stratigraphy oo ‘cae on the Older Coastal Plain 
Beds,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), p 

V.P. Grage and E. F. Warren, Jr., “F isbon Oil F ield, Pofuiborne and Lincoln Parishes, Louisiana,” 
ibid., Vol. 23 (1939), p. 285. 


4 

i 

4 

4 

4 

4 


a 


JURASSIC FORMATIONS OF GULF REGION 1423 


the section in the Gulf Refining Company’s Louis Werner well No. 49, in Sec. 5, 
T. 16 S., R. 16 W., Union County, Arkansas. In northeastern Louisiana, it over- 
lies the Morehouse shale‘ of upper Paleozoic age with apparent conformity. 

Distribution and thickness —The Eagle Mills redbeds and salt occur as nor- 
mally bedded deposits in eastern Texas, southern Arkansas, northern Louisiana, 
and southwestern Alabama. 

In Texas the formation has been encountered by drilling in the eastern, 
northern, and western margins of the East Texas basin (Fig. 2). A thickness of 
44 feet of salt was penetrated in The Texas Company’s T. C. Adams Estate 
well No. 1, in northeastern Panola County. A thickness of 50 feet, of which the 
lower 34 feet is salt, was penetrated in the J. B. White e¢ al. W. N. Jackson No. 1, 
2 miles west of Talco in Franklin County. The formation is absent about 16 miles 
north-northwest in the Magnolia Petroleum Company’s J. N. Henry No. 1, 
about 2 miles northwest of Fullbright, Red River County. A complete thickness 
of about 180 feet of redbeds was found in the American Liberty Oil Company’s 
J. P. McNatt No. 1, 4 miles west of Greenville, Hunt County. The formation 
is absent 11 miles north, in the West Mount Oil Company’s J. M. Clarke No. 1, 
about 1 mile northwest of Celeste, Hunt County. A complete thickness of about 
160 feet of redbeds was found in the Falcon Oil Company’s J. C. Keitt No. 1, 
10 miles west of Currie, Navarro County. A thickness of g60 feet, of which 850 
feet are salt and gypsum, was penetrated in the Stanolind Oil and Gas Com- 
pany’s Tennie Norris No. 1, about 2 miles west of Thornton, Limestone County. 
The formation is not present about 11 miles northwest in the Farrell Drilling 
Company’s J. R. Gilliam No. 1, about 2 miles east of Mart, Limestone County. 
The complete formation is represented by only about 48 feet of redbeds in The 
Texas Company’s W. A. Keeling No. 1, about 8 miles north-northeast of the 
Farrell-Gilliam well. These occurrences indicate the approximate northern and 
western margins of the Eagle Mills formation in northeastern Texas. 

In Arkansas the Eagle Mills formation pinches out a little north of Ouachita 
and Nevada counties (Fig. 7), but evidently at one time extended much farther 
north and was eroded to its present limit prior to Upper Cretaceous sedimenta- 
tion.® This is shown by the presence of at least 1,780 feet of redbeds beneath basal 
Upper Cretaceous gravels in W. S. King’s (J. P. Grieves) H. Ross No. 1, Sec. 3, 
T. 10 S., R. 21 W., Clark County, Arkansas, whereas a few miles north Paleozoic 
rocks directly underlie the basal Upper Cretaceous gravels. Also, Weeks® has 
noted the apparent absence of dark Devonian(?) novaculite in the Eagle Mills 
formation, which indicates that it was deposited over the site of the Ouachita 
Mountains. 


* The name “Morehouse” was first used for a quartzite of early Paleozoic age in southwestern 
Utah by B. S. Butler in 1913 in U. S. Geol. Survey Prof. Paper 80. The shale in northeastern Louisiana 
should receive another name. 


5 R. W. Imlay, “Lower Cretaceous and Jurassic Formations of Southern Arkansas and Their Oil 
and Gas Possibilities,” Arkansas Geol. Survey Inform. Cir. 12 (19404), pp. 8, 9, Pl. 11. 


6 Imlay (1940), op. cit., p. 9. 
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UNION PRODUGING CO. 
M.M.WAITE NO.I EAGLE MILLS-SMACKOVER- BUCKNER 
SEC.27, T.8N.,R.1W. 
CLARKE CO., ALABAMA SEQUENCE IN ALABAMA 
DEPTH IN FEET 
COTTON 11500 11500-11570 SANDSTONE, CONGLOMERATIC, MICACEOUS, SLIGHTLY 
VALLEY a be CALCAREOUS, CONTAINS THIN BEDS OF RED 
FORMATION = 
11570-11618’ SANDSTONE, RED, MEOIUM TO FINE-GRAINED, 
(BASAL BEDS)| CALCAREOUS, SOME THIN BEDS OF GRAY LIMESTONE, 
BUCKNER SANDSTONE AND SANDY SHALE, RED OR GREENISH, 
FORMATION MICAGCEOUS, SLIGHTLY CALCAREOUS AND GLAUCONITIC. 
11649-11669 SANDSTONE, SHALY SANDSTONE, AND SHALE, GRAY, 
BROWN, AND BLACK, MICACEOUS, CALCAREOUS; INCLUDES 
FLAKES AND NODULES OF ANHYORITE; A BED OF 
ANHYDRITE NEAR BASE. 
11700 ‘11669-11782 SANDSTONE, RED, GRAY, AND BROWN, FINE-GRAINED, 
MICACEOUS, CALCAREOUS; A FEW THIN BEDS OF BLACK 
AND RED SHALE AND ANHYDRITE. 
11782-11904 LIMESTONE AND SHALY LIMESTONE, DARK GRAY TO 4 
BLACK; INCLUDES THIN BEOS OF BLACK SHALE AND 
1800 WHITE ANHYORITE. FINE OOLITES AT 11800 & 11830 
SMACKOVER reer. 
FORMATION 
11900 LIMESTONE AND WHITE ANHYDRITE INTERBEDDED. { 
77 LIMESTONE DARK GRAY TO GREENISH GRAY, DENSE { 
OR LOCALLY COQUINOID; SALTY TASTING LIMESTONE 4 
AT 11979-12001 FEET. FINE OOLITES AT 11163 FEET. , 
12004-12042 SHALE AND SHALY LIMESTONE, BROWN TO GRAY, | 
12000 AND GRAY ANHYDRITE. FINE OOLITES AT 12010 FEET. i 
12042-12291 ANHYDRITE, LIGHT GRAY, INTERBEDDED WITH DENSE 
DARK GRAY LIMESTONE. SALTY TASTING LIMESTONE | 
AT 12079-12083 FEET. FINE OOLITES AT 12079, 
12083, 12100, 12110 FEET. | 
12100 j 
LLL 
12200 
| 
TH 12291-12295 SALT, AMBER-COLORED, IN A MATRIX OF FINE~ 
LEAL GRAINED, GRAYISH BROWN SANDSTONE, 
EAGLE MILLS 777777  '2295-12328 ANHYORITE AND DENSE LIMESTONE, SOME SANDY 
SHALE, GRAY. 
FORMATION 4 
Sire 12328-12341 SILTSTONE, GREENISH GRAY, AND SANDY SHALE, 
BLACK; STREAKS AND GRYSTALS OF SALT. 
12341-12355 ANHYDRITE, DENSE, GRAY. 
12400 '2355-12399 SALT, AMBER-COLORED, AND SOME GREENISH GRAY, 
BROWNISH GRAY, AND BLACK SILTSTONEs 
Fic. 4.—Columnar section of Eagle Mills-“Smackover-Buckner sequence in Alabama. Cored portions 
indicated by solid black. 
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Fic. 5.—Columnar sections of Upper Jurassic formations in eastern Texas and northern Louisiana. he 


JURASSIC FORMATIONS IN THE NORTH LISBON 
poo opp hig FIELD, CLAIBORNE PARISH, LOUISIANA. UNION PRODUCING CO. i 
Z.J.MEADOWS. NO.I 
CLAIBORNE PARISH, LA. 
COTTON T SHALE, PARTLY SANDY OR CALCAREOUS, DARK GRAY, BLACK, OR 7500 FEET 
: BROWN. A FEW THIN BEDS OF HARD, DENSE, GRAY TO 
VALLEY WHITE SANDSTONE. THIN BEDS OF LIMESTONE MOST 
FORMATION COMMON TOWARD BASE, 
S000 SANDSTONE, HARD, MEDIUM TO FINE-GRAINED, GRAY TO WHITE, 
DENSE TO POROUS, PARTLY CALCAREOUS. 8000 4 
TLY SANDY OR CALCAREOUS, GRA’ 
“ OF GRAY TO WHITE SANDSTONE IN UPPER ag 
MANY BEDS OF GRAY TO BROWN LIMESTONE IN’ LOWER ‘| 
8500 
2 © SLIGHTLY POROUS, 
DENSE T 
79000 FINE-GRAINED, GRAY TO BLACK 
SANDSTONE, ome BEDS OF GRA 
SHALE AND LIMESTONE. 
GALCAREY one AND’ GRAY 
gome BEDS © = me 
BLACK, OOLITIC = 
| 
ew 
— | 
= 10500 | 
10500 ] 
Wes d 
Ow 4 
KS 
j 
11000 
BUCKNER 
FORMATION ‘eal 
SMACKOVER |:: 
FORMATION 
ARKANSAS 
BORNE 
)3 
CADDO 
BIENVILLE 
Mites 
@ LOCATION OF WELLS 
Fic. 6.—Columnar sections of Upper Jurassic formations in North Lisbon field, Claiborne 
arish, Louisiana. Cored portions indicated in black. 
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The redbeds facies of the Eagle Mills formation in Arkansas is known mainly 
from central Hempstead, southern Clark, and northern Ouachita counties (Fig. 
7). It passes southward into the salt facies along a transitional zone that is some- 
what arcuate northward and apparently passes through southern Bradley and 
Calhoun counties, central Ouachita and Nevada counties, and southern Hemp- 


EUROPEAN SOUTHERN ARKANSAS NORTHERN LOUISIANA 
STAGES 


HIATUS 
TITHONIAN 


SCHULER REDBEDS 


PORTLANDIAN MEMBER COTTON VALLEY 
WITH 
BASAL CONGLOMERATE (DARK SHALE, 
LIMESTONE, 

2 
<= 
= HIATUS 
|HAVRIAN AND SANDSTONE) 
z 
= 
= |SEQUANIAN i 
BUCKNER (ANHYORITE AND REDBEDS) 

SMACKOVER (LIMESTONE, 
5 EAGLE MILLS (B) 
|DIVESIAN 
(REDBEDS) EAGLE MILLS (SALT) 
CALLOVIAN HIATUS 


Fic. 9.—Time relations of Upper Jurassic formations in southern Arkansas and northern Louisiana. 
(A) Louann tongue of some geologists, (B) Norphlet tongue of some geologists. 


stead County. Its greatest known thickness is the 1,780 feet previously men- 
tioned, but the base of the formation was not penetrated. 

The salt facies of the Eagle Mills formation in Arkansas is known from south- 
ern Nevada, Ouachita, and Bradley counties, from northern Union County, and 
from northern Lafayette County. It has been completely penetrated in Arkansas 
only in the Gulf Refining Company’s Louis Werner No. 49, in the Smackover 
field in Sec. 5, T. 16 S., R. 16 W., Union County, where it attains a thickness 
of 1,003 feet, of which 857 feet is salt. 

In northern Louisiana the Eagle Mills bedded salt has been encountered in 
northwestern Morehouse Parish, western, northern, and eastern Claiborne Par- 
ish, eastern Bossier Parish, and northern Caddo Parish. The presence of Eagle 


Mills salt in northeastern Panola County, Texas, strongly indicates that it like- — 


wise occurs in the adjacent part of southern Caddo Parish. About 1,250 feet of 
rock salt was drilled in the Stanolind Oil and Gas Company’s Dillon Heirs No. 
131, Sec. 14, T. 21 N., R. 15 W., Caddo Parish. A thickness of 1,178 feet, of which 
968 is salt, was drilled in the Union Producing Company’s Tensas Delta No. A-1, 
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Sec. 8, T. 22 N., R. 4 E., Morehouse Parish. This is the only well in Louisiana 
that definitely penetrated the entire formation. These occurrences show that the 
salt facies of the Eagle Mills formation is widespread throughout northern 
Louisiana as a normally bedded sedimentary rock. 

In southwestern Alabama 108 feet of the salt facies of the Eagle Mills forma- 
tion was penetrated in the Union Producing Company’s M. M. Waite No. 1, 
Sec. 27, T. 8 N., R. 1 W., Clarke County (Fig. 4). This occurrence is probably 
not many miles south of the northern boundary of the formation, as shown (1) 
by the amber color of the salt and its intercalation with brownish gray to green- 
ish gray sandstone and siltstone, and (2) by the superposition of Lower Creta- 
ceous directly on Paleozoic rocks about 62 miles northwest in the Magnolia Petro- 
leum Company’s Culpepper No. 1, in northwestern Lauderdale County, Mis- 
sissippi.’ 

A possible occurrence of salt on the Mexican side of the Rio Grande embay- 
ment was indicated by the Mexican Gulf Oil Company’s San Ambrosio No. 1, 
about 32 miles southwest of Laredo, Texas. This well penetrated 712 feet of soft, 
black carbonaceous shales of late Jurassic age and was stopped by a strong flow of 
hot salt water. 

The considerable thickness of the salt facies of the Eagle Mills formation 
and its wide distribution from eastern Texas to southwestern Alabama strongly 
suggest that it underlies much of the Gulf Coast region and is the source of the 
salt cores of the many penetration salt domes of Texas, Louisiana, and Missis- 
sippi.s The salt domes occupy the deeper parts of the sedimentary basins, in- 
cluding the East Texas basin, the basin between the Sabine and Monroe uplifts 
of northern Louisiana, the South Mississippi basin, the lower part of the Rio 
Grande geosyncline, and the Gulf Coast geosyncline. The bedded salt of the 
Eagle Mills formation has been encountered only on the margins of the basins 
or on structural features, such as the Sabine uplift, that were never deeply buried 
by Cenozoic sediments. The absence of salt domes on the southeastward exten- 
sion of the San Marcos arch does not prove that Jurassic salt is absent on the 
arch. No southward limit to the salt deposits is known, but their distribution 
indicates that it was at least as far as the present Gulf Coast. The presence of 
many submarine dome-like structures on the coastal shelf of the northern part 
of the Gulf of Mexico suggests that the salt deposits may extend as much as 100 
miles south of the present Gulf Coast.°® 

Stratigraphic and lithologic features—The Eagle Mills formation comprises 


7 Urban B. Hughes, ‘Developments in the Southeastern United States in 1941,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 26 (1942), pp. 991, 994. 


8 E. H. Sellards, “Structural Geology of Texas East of Pecos River” in “The Geology of Texas,” 
Univ. Texas Bull. 3401, Vol. 2 (1934), pp. 42, 66-68. 

R. T. Hazzard, ‘Notes on the Comanche and Pre-Comanche (?) Mesozoic Formations of the 
Ark-La-Tex Area: and a Suggested Correlation with Northern Mexico,” Guide Book 14th Ann. Field 
Trip Shreveport Geol. Soc. (1939), Pp. 172. 


9 P, A. Smith, “Submarine Canyons,” pamphlet of radio address of April 24, 1939, on “Frontiers 
of Geology,” Geol. Soc. America (1939), pp. 11-14. 
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a redbeds facies shoreward and a salt facies basinward. The redbeds consist 
mainly of argillaceous to sandy, hard, red shale but contain small amounts of 
greenish gray shale, bright red argillaceous sandstone, red argillaceous dolomite, 
and locally a basal conglomerate. They differ from the younger red shales of the 
Cotton Valley and Hosston formations by being generally harder, more lustrous, 
and more dominantly red.'° The salt facies consists mainly of clear white, or pink 
salt which is noteworthy for its purity" but contains a few lenses of gray to white 
anhydrite. In most sections in Arkansas the salt is overlain by 10 to 35 feet of red 
shale, although in the Stamps field in Lafayette County it is overlain by about 
205 feet of red shale. In northern Louisiana and eastern Texas it is generally over- 
lain by a few feet of red to gray sandstone or shale. In the few sections in Arkan- 
sas, Louisiana, and Texas, where the base of the salt facies has been penetrated by 
drilling, the salt is underlain by 50 to 100 feet, or more, of anhydrite and then by a 
similarly thick unit of redbeds, which may be conglomeratic toward its base. 

Detailed sections of the Eagle Mills formation of Arkansas and Louisiana 
have been published previously" and need not be repeated. The carefully studied 
sections of deep wells in Texas and Alabama are described on the following 
pages. 


EaGLe Mitts-SMACKOVER-BUCKNER SEQUENCE IN AMERICAN LIBERTY Ort CoMPANY’s 
J. P. McNartrt No. 1, ABouT 4 Mites WEstT OF GREENVILLE, Hunt County, TEXAS 
Depth Thickness 
in Feet in Feet 
Buckner formation 
Shale and shaly sandstone, red and green. Many chert pebbles in sand- 
stone core from 6,634-6,640 feet. No anhydrite observed........... 6,490-6,650 160 
Smackover formation 
Limestone, odlitic, pinkish white, porous but non-permeable, very salty 


Sandstone, fine-grained, red, contains thin streaks of red shale and peb- 

bly medium-grained -6,6674 44 
Sandstone, fine-grained, red, interbedded with pink, porous limestone... -6,668} I 
Limestone, odlitic, gray, porous, with dense streaks, salty taste......... 6,669 3 
Sandstone, fine-grained, calcareous, non-porous, pink to red, contains a 

little odlitic limestone and sandy limestone. 6,675 6 


Sandstone as above but micaceous, grades at base into greenish gray 

sandy limestone and pink, fine-grained calcareous, cross-bedded sand- 

Limestone, sandy, pink and gray, interbedded with some calcareous sand- 

stone, shale, and chert pebbles, and becomes odlitic at base. Has salty 

Limestone, sandy, pink and gray, grades downward into pink, very fine- 

grained, calcareous, micaceous, shaly sandstone that basally contains 


Eagle Mills formation 
Sandstone and siltstone, red and green, slightly calcareous............ -6,770 77 
Sandstone, coarse-grained, pink, slightly porous, contains quartz and 
Sandstone, shaly, with large pebbles of quartz, quartzite, and chert...... —6,823 17 


10 Warren B. Weeks, “South Arkansas Stratigraphy with Emphasis on the Older Coastal Plain 
Beds,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), p. 963. 


11 W. C. Spooner, “Salt in the Smackover Field, Union County, Arkansas,” ibid., Vol. 16 (1932), 
p. 603. 
22 Imlay, op. cit. (1940), pp. 10, II. 
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Depth Thickness 

in Feet in Feet 
Sandstone as above but without 6,833 10 


Paleozoic rocks 
Phyllitic shale, dark red to green mottled, some sandy streaks, dipping 

The foregoing well section is based entirely on cores from depths of 6,656- 
6,693 feet, and mainly on cuttings at other depths. It illustrates excellently the 
gradational relationship of the redbeds facies of the Eagle Mills formation with 
the Smackover limestone and suggests that the Smackover limestone is replaced 
updip by the redbeds facies. Selection of the upper limit of the Eagle Mills forma- 
tion is entirely arbitrary. Very probably the Smackover limestone in this well 
was deposited only a few miles from shore. 


EaGLe MILts FoRMATION IN STANOLIND Ort AND Gas CoMPANY’s TENNIE Norris No. 1, 2 MILES 
WEST OF THORNTON, LIMESTONE County, TEXAS 
Depth Thickness 


in Feet in Feet 
Sandstone and siltstone. Sandstone fine-grained, white; siltstone mica- 

Salt, clear, contains a few thin layers of white to yellow anhydrite and 

Anhydrite, clear white to brown mottled. Some gray to brown, calcareous 

Conglomerate and red sandstone. Pebbles and grains of white and pink 

quartz, of biotite and talc schist, of hard, red siltstone, and some chert. 

Sandstone, red, some green laminations, some anhydrite inclusions... . -9 932 44 
Conglomerate and red sandstone as above. Some quartz pebbles as much 


A core from the very bottom of the foregoing section consists of hard, red 
siltstone with an irregular upper surface, overlain by conglomerate. The siltstone 
does not appear to be part of a boulder but rather the top of a formation. It is 
much less metamorphosed than the schist pebbles in the conglomerate but much 
harder than any siltstone in the overlying Jurassic beds. Its age is probably 
Paleozoic as suggested by the occurrence of pebbles of the same hard siltstone in 
the basal conglomerate of the Eagle Mills formation. The mica and talc schist 
in the conglomerate are identical with schist cored at the bottom of the Farrell 
Drilling Company’s J. R. Gilliam No. 1, about to miles northwest in western 
Limestone County. As observed under the microscope, this schist was found to 
contain cavities lined with pink and white quartz, crystals. So, all the materials 
except chert that occur in the basal redbeds of the Eagle Mills formation of the 
Stanolind’s Norris No. 1 might have been derived from sources within 10 miles. 


EAGLE MILts ForMATION IN UNION Propucinc Company’s M. M. Waite No. 1, 
Sec. 27, T. 8 N., R. 1 W., CLARKE County, ALABAMA 
Depth Thickness 
in Feet in Feet 
Salt, clear, light orange, or amber, in matrix of hard, dense, very fine-grained 
non-calcareous, grayish brown 12, 2QI-12, 295 4 
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Depth Thickness 


in Feet in Feet 
Limestone, hard, dense, dark gray, has slight sulphur odor and bitter, salty 
Shale, sandy, hard, dense, black, slightly calcareous...................4. -12,316} 34 
Siltstone, hard, dense, greenish gray, and hard, gray anhydrite............ —12,329 I 
Siltstone, hard, dense, greenish gray, and very thin, clear, white salt streaks -12, 333 4 
Shale, sandy, hard, dense, black, and some small clear salt crystals...... 12,341 8 
Siltstone, hard, dense, greenish gray, and gray anhydrite............... —12,357 2 
Siltstone, hard, dense, greenish gray, includes a few salt crystals......... —12,364 6 
Shale, silty, hard, dense, black, includes a few salt crystals.............. —12, 367} 34 
Salt, clear, amber, in matrix of hard, black silty shale. About 25 per cent salt ~-—12,371} 4 
Salt, clear, amber, in matrix of hard, brownish gray silty shale. About 40 
Salt, clear, amber, in matrix of hard, black siltstone. About 80 per cent salt -12,380 2 
Siltstone, hard, dense, black, slightly micaceous, has many large crystals of 
Clear, ambersalt.. About ro per Gent salt... —-12, 385 5 
Salt, clear, amber, and hard, black siltstone. About 50 per cent salt...... 12,391 3 
Salt, clear, amber, and some hard, black siltstone..................... 12,399 2 


The foregoing partial section (Fig. 4) of the Eagle Mills formation is im- 
portant, because it was completely cored and therefore shows accurately the rela- 
tionship to the overlying Smackover formation. This relationship is perfectly 
transitional. The top of the Eagle Mills formation was chosen arbitrarily at the 
depth of 12,291 feet which marks the first appearance of salt crystals and the 
base of the main body of limestone. However, since salty-tasting beds occur as 
high as 12,000 feet, and the main body of salt begins at 12,3673 feet, other depths 
might nearly as logically be chosen as the top. 

The Eagle Mills formation rests on Paleozoic, or probable Paleozoic, rocks in 
most of the wells which have penetrated its base. In eastern Texas its basal con- 
glomerate rests on hard, red siltstone in the Stanolind Oil and Gas Company’s 
Norris No. 1 in Limestone County, on phyllite in the Falcon Oil Company’s 
Keitt No. 1 in Navarro County, on steeply dipping, reddish and green phyllite 
in the American Liberty Oil Company’s McNatt No. 1 in Hunt County, and on 
talc schist that is probably pre-Cambrian in The Texas Company’s Keeling No. 1 
in Limestone County. In southern Arkansas its basal conglomerates rest on steep- 
ly dipping Paleozoic(?) beds, as shown in the Gulf Refining Company’s Louis 
Werner No. 49, sec. 5, T. 16 S., R. 16 W., Union County." In northeastern 
Louisiana its basal non-conglomeratic redbeds rest with apparent conformity on 
the upper Palezoic ‘““Morehouse” shale where penetrated in the Union Producing 
Company’s Tensas Delta No. A-1, Sec. 8, T. 22 N., R. 4 E., Morehouse Parish. 
In northwestern Louisiana the base of the salt may have been penetrated in the 
Stanolind Oil and Gas Company’s Dillon Heirs No. 131, Sec. 14, T. 21 N., R. 15 

18 Hazzard, op. cit. pp. 171-72. Imlay, op. cit. (1940a), p. 10. 

4 Imlay, op. cit. (1940a) p. 11. 
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W., Caddo Parish. In this well a salt section about 1,250 feet thick is underlain 
at 11,405 feet by an andesitic rock which was drilled to 11,419 feet. Cuttings 
indicate that the basal 5 feet of the salt section contains some dolomite and pink 
sandstone. The contact with the igneous rock was not cored, but a core from the 
basal 2 feet of the well was examined for evidence of weathering by Clarence S. 
Ross of the United States Geological Survey, who reports as follows. 


The samples of igneous rock from a depth of 11,417-19 feet in the Stanolind Oil and 
Gas Company’s Dillon Heirs No. 131 well, located in Sec. 14, T. 21 N., R. 15 W., Caddo 
Parish, La., represent a fine-grained, andesitic rock. The feldspar is unusually fresh, al- 
though the groundmass contains abundant hematite and leucoxene. There are abundant 
areas where the ferromagnesian groundmass material has been replaced by calcite, and 
irregular cavities contain secondary chlorite and quartz. There is no evidence of surface 
weathering, as hematite is no indication of weathering, and the chlorite and replacing 
calcite are indicative of deuteric reaction. The fresh condition of the feldspar also indicates 
the absence of surface weathering. There is nothing in the thin sections to preclude the 
possibility that the rock is a sill rock, more probably as a dike-like feeder to rocks formed 
at a much higher level in the geologic section. The fine grain of the rock is the only thing 
that suggests an extrusive rock, and this may be due to a chilled border of a dike or some 
similar relation. 


The unweathered condition of the igneous rock indicates that its contact 
with the salt is intrusive rather than unconformable, although it is possible 
that the salt was deposited on a peneplaned surface that had a very thin mantle 
of decomposed rock or that some of the decomposed rock may have been scoured 
off a short time before salt deposition. 

The upper contact of the Eagle Mills formation with the Smackover formation 
is abrupt but conformable in some wells and transitional in others. In the Stano- 
lind Oil and Gas Company’s Norris No. 1, Limestone County, Texas, the upper 
5 feet of the salt facies contains some white to yellow anhydrite. This is followed 
by about 7 feet of white sandstone and gray siltstone which grades upward 
through about 30 feet of silty limestone into typical Smackover odlitic lime- 
stone and dolomite. It is questionable whether the top of the Eagle Mills forma- 
tion should be the top of the salt or should be somewhat higher. In the Falcon Oil 
Company’s Keitt No. 1 in Navarro County, the red shale at the top of the Eagle 
Mills formation is overlain by gray shale at the base of the Smackover formation. 
In the American Liberty Oil Company’s McNatt No. 1 in Hunt County, Texas, 
the redbeds of the Eagle Mills formation grade upward through red sandy lime- 
stone into odlitic limestone. As slightly less than 30 feet of limestone can be as- 
signed to the Smackover formation in this well, it is generally considered that the 
Smackover formation has been replaced partly updip by redbeds. 

In southern Arkansas the salt facies is generally overlain by red shales that 
make an abrupt but conformable contact with the Smackover limestone. The 
redbeds facies north of the salt facies does not show such a relationship in all 
wells. A driller’s log of a well in Sec. 15, T. 12 S., R. 18 W., in northern Ouachita 
County, records about 70 feet of interbedded “gypsum” and limestone above the 
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redbed facies. In the W. E. Lokey’s Sheppard-Purifoy No. 1, Sec. 17, T. 11 S., 
R. 20 W., about 100 feet of anhydrite occurs between the Smackover limestone 
and the redbed facies. In the Barnsdall Oil Company’s Grace Unit No. 1, Sec. 4, 
T. 15 S., R. 27 W., 49 feet of anhydrite occurs between the Smackover limestone 
and the redbeds facies. These occurrences suggest that the transitional character 
of the Eagle Mills-Smackover boundary becomes more obvious toward the north. 
The much greater thickness of the redbeds facies than of the salt facies in Arkan- 
sas suggests that the upper part of the redbeds of the shoreward areas was de- 
posited contemporaneously with the basal part of the Smackover formation of 
the basinward areas. 

In northern Louisiana the Eagle Mills salt is generally overlain by a few feet 
of reddish shale or shaly sandstone that apparently grades upward into silty 
limestones in the lower part of the Smackover formation. In the Union Producing 
Company’s Meadows No. 1, Sec. 18, T. 21 N., R. 4 W., Claiborne Parish, the 
salt facies is overlain by about 23 feet of red and gray sandstone and shaly sand- 
_ stone that includes some anhydrite at its base, and is overlain by gray siltstone 
that grades upward into limestone. In the Union Producing Company’s Tensas 
Delta No. A-1, Sec. 8, T. 22 N., R. 4 E., Morehouse Parish, the salt facies is over- 
lain by hard, black limestone that in its lower 7 feet contains some layers of red- 
dish brown sandstone. The reddish color of the shale and sandstone, in contrast 
to the dark color of the overlying beds, and their stratigraphic position directly 
above the salt facies suggest their correlation with the beds in Arkansas desig- 
nated by petroleum geologists the ““Norphlet tongue” of the Eagle Mills forma- 
tion. On the other hand, their transitional relation to the Smackover formation 
suggests that they should be included in it. In the Phillips Petroleum Company’s 
Kendrick No. 1, Sec. 22, T. 19 N., R. 11 W., Bossier Parish, the top of the Eagle 
Mills salt was penetrated at 9,046 feet, but crystals of salt occurred in a core of 
shaly dolomite from 9,o09~-9,018 feet. 

In southwestern Alabama the Eagle Mills formation grades perfectly into the 
Smackover formation, as shown in the Union Producing Company’s Waite No. 1, 
Sec. 27, T. 8 N., R. 1 W., Clarke County. This section, already described in de- 
tail, and the generalized section of the Eagle Mills-Smackover-Buckner sequence 
illustrated in Figure 4, show that the change from deposition of salt of the Eagle 
Mills formation to the limestone, dolomite, and anhydrite of the Smackover 
formation was very gradual, and that the Eagle Mills formation marks the be- 
ginning of a cycle of sedimentation terminating in the anhydrite and red shale of 
the Buckner formation. Establishment of this gradational relationship proves the 
Jurassic age of the Eagle Mills salt and is highly important in understanding the 
history of the Gulf of Mexico. 

Correlation—The Eagle Mills formation has furnished no fossils, but its 
gradational relationship with the overlying Smackover formation, as observed 
in well cores, shows definitely that it is Jurassic in age (Table I). Its assignment 
to the early Upper Jurassic is indicated (1) by the presence of many pelecypods 
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and gastropods of Argovian affinities in the upper part of the Smackover forma- 
tion, (2) by the presence of upper Argovian ammonites only 300 feet above the 
main salt mass, (3) by the moderate thickness of the Smackover formation, sug- 
gesting a small time interval after salt deposition, and (4) by the strong probabil- 


TABLE I 
SuMMARY CORRELATION OF JURASSIC FORMATIONS OF GULF REGION 
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ity that the salt was formed at the same time as the salt and redbeds underlying 
Upper Jurassic limestones in southern Mexico.'® Simultaneous deposition of salt in 
the southern states and in southern Mexico is indicated by the similar strati- 


4 Carlos Burckhardt, “Etude synthétique sur le mésozoique méxicain,” Abk. Schweizer. Palaeont. 
Gesell., Bd. 49-50 (1930), Pp. 97-100. 
Karl Sapper, “Mittelamerika,” in Handbuch der Regionalen Geologie, Bd. 8, Abt. 4a, Heft 29 


(1937), PP-_26, 27, 44, 45- 
R. W. Imlay, op. cit. (1940a), pp. 12, 13. 
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graphic position of the salt masses and by the considerations that both areas of 
salt deposition were of immense size, were undoubtedly connected with the Gulf 
of Mexico, and were influenced by similar climates. The age of the salt and red- 
beds of southern Mexico has not been definitely determined but is probably not 
older than Divesian, since (1) the Callovian and the older Jurassic beds are well 
represented by marine faunas” that could not have lived in highly saline waters, 
(2) the Lower Jurassic beds have furnished a rich flora which, according to Wie- 
land!’ indicates a tropical climate of the monsoon forest type, and (3) in many 
parts of Mexico the rocks of Oxfordian age are marked basally by a pronounced 
disconformity.'* that is not apparent at the top of the salt section. 

Still a third North American occurrence of rock salt near the base of the Up- 
per Jurassic is in northern Utah and southeastern Idaho'® in beds equivalent 
to the Carmel and Entrada formations and representing the medial part of San 
Rafael group.?° These salt-bearing beds lie below a marine unit containing am- 
monites of Argovian age and above a marine unit containing ammonites of Cal- 
lovian age,”! so their age must be partly, if not entirely, Divesian. This age 
assignment agrees with that of the thick salt masses of the Gulf Region of Mexico 

‘and the United States. 

Origin.—The distribution of bedded salt and salt domes in the southern: 
United States indicates that the salt was formed as a single mass” in a large 
basin rather than as disconnected masses in separate basins,” and that the 
basin of deposition extended at least as far south as the present Gulf Coast. 
Whether this salt basin terminated in southern Mexico, as postulated by Haz- 
zard,™ or was a distinct, nearly enclosed sea widely separated from a similar sea in 
southern Mexico, can not be answered on present information. However, because 
of the great size and extent of the salt deposits of the southern states, it is difficult 
to imagine a barrier at least 800 miles long having suitable conditions throughout 
to permit replenishment of the waters of the salt basin by sea water until about 

16 Burckhardt, op. cit. (1930), pp. 8-44. 


17 G. R. Wieland, ‘The Liassic Flora of the Mixteca Alta of Mexico—Its Composition, Age and 
Source,” Amer. Jour. ‘Sci. , 4th Ser., Vol. 36 (1913), p. 256. 

18 ee op. cit. (1930), p. 100 

Lewis B. Kellum, “Geology of the Mountains West of the Laguna District,” Bull. Geol. Soc. 
America, Vol. 47 (1936), pp. 1057, 1065. 

19 GR. Mansfield, “Geography, Geology, and Mineral Resources of Part of Southeastern, Idaho,” 
U. . Geol. Survey Prof. Paper 152 (1927), pp. 193, 338-40. 

E. M. Spieker, unpublished information. 

20 A. A. Baker, C. H. Dane, and J. B. Reeside, Jr., “Correlation of the Jurassic Formations of 

Parts of Utah, Arizona, New Mexico and Colorado,” U. S. Geol. Survey Prof. Paper 183 (1936), pp- 
6-8, 45, 46, 54, 58, Fig. 16. 

21 Ibid., p. 58. 

2 Hazzard, op. cit. (1939), Pp. 

23 Van der Gracht, W. A. J. M. van Waterschoot, ‘The Permo-Carboniferous Orogeny in the 
South-Central United States,” Verh. K. Akad. Wetensk. Amsterdam, Afd. Natuurk., 2 Sect., Vol. 27 
(1931), Pp. 130. 
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1,000 feet of salt was deposited. Similarly for southern Mexico (Fig. 12), it is 
difficult to imagine a barrier at least 700 miles long that would permit accumula- 
tion of a great thickness of salt at the same time that salt was accumulating in the 
southern United States. If the barriers were sufficiently high to exclude sea water 
completely from the salt basins, it seems doubtful that enough salt could be ob- 
tained from fresh water during the geologic stage, or fraction thereof, to form the 
mass that the salt deposits present. Also, there would then be abundant structural 
evidence of such barriers. The writer finds it easier to explain the thickness and 
extent of these salt masses if the entire Gulf of Mexico was a salt-depositing basin 
completely enclosed on the north, south, and west and connected with the ocean 
on the east by a relatively narrow, shallow strait. Enclosure on the north and 
west is certain. Enclosure on the south is probable, since the Jurassic deposits of 
Cuba and southern Mexico indicate a large Antillean land mass during Jurassic 
time. The main objection to the entire Gulf of Mexico being a salt-depositing 
basin is the large volume of water that would have to be evaporated to produce a 
condition of extreme salinity. However, the volume of water in the gulf at the 
beginning of Upper Jurassic time may have been much less than at present, as 
the peneplaned condition of much of the southern and interior parts of the con- 
tinent at the beginning of Upper Jurassic transgression® suggests that the 
coastal shelf of the Gulf of Mexico sloped very gently for a great distance from 
shore, and that the bottom of the gulf did not have such deeps as at present. 

The Eagle Mills formation is transgressive on the underlying Paleozoic sedi- 
ments where their contact has been penetrated. This is shown in the Gulf Re- 
fining Company’s Louis Werner No. 49, Union County, Arkansas (1) by the 
truncated surface of the steeply tilted Paleozoic(?) sediments, (2) by the inclusion 


‘in the basal conglomerate of the Eagle Malls formation of pebbles evidently de- 


rived from underlying Paleozoic(?) silicified shale and pre-Eagle Mills diabase 
and of chert pebbles derived from some other sources, and (3) by an upward 
change from conglomerate to redbeds, anhydrite, and rock salt, indicating grad- 
ual subsidence of the area of deposition. Similarly, in the Stanolind Oil and Gas 
Company’s Tennie Norris No. 1, Limestone County, Texas, the transgressive 
relationship is shown (1) by the inclusion in the basal conglomerate of pebbles 
evidently derived from Paleozoic and pre-Cambrian rocks near by and (2) by the 
upward change to redbeds, anhydrite, and thick rock salt. In the Union Produc- 
ing Company’s Tensas Delta No. A-1, Morehouse Parish, Louisiana, the section 
of the Eagle Mills formation differs in lacking a basal conglomerate, but the 
change from the dark gray to black shale of Paleozoic age to the basal red shale 
of the Eagle Mills formation is very striking and indicates the beginning of a 
different cycle of sedimentation. 

The distribution of the redbeds facies of the Eagle Mills formation in Arkansas 
shows that it was deposited nearer land than the salt facies. The presence of beds 


% R. T. Hill, “Geography and Geology of the Black and Grand Prairies, Texas,” U. S. Geol. Sur- 


vey Ann. Rept. 21, Pt. 7 (1901), pp. 363-67. 
A. A. Baker, C.H. Dane, and J. B. Socata, Jr., op. cit. (1936), p. 55. 
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of anhydrite and argillaceous dolomite in the redbeds faciés shows that the part 
now preserved was deposited mainly, or perhaps entirely, in shallow water. The 
water must have been either highly saline, or brackish, and the climate on the 
surrounding lands sufficiently dry to prevent the growth of much organic matter 
that would have reduced the ferric oxide to the ferrous condition. That the water 
was highly saline is shown by the intimate association of salt, siltstone, and shale 
in the Union Producing Company’s Waite No. 1 in Alabama. Possible sources for 
the material of the redbeds would include the Appalachian region, the southern 
part of the Canadian shield, and the late Paleozoic redbeds of Oklahoma and 
Texas. As it is generally agreed that large amounts of red residual soils form “only 
on upland areas with warm and moist climate,’ the Rocky Mountain region of 
late Jurassic time does not seem to be a possible source.”” 


SMACKOVER FORMATION 


Definition —The Smackover formation was named after the Smackover oil 
field,?* where it consists of about 700 feet of dense to odlitic limestone. In southern 
Arkansas, it comprises an upper member of odlitic to chalky limestone and a 
lower member of dense limestone with dark, argillaceous layers. This dominantly 
limestone facies grades southward in northern Louisiana into an interbedded 
limestone, shale, and sandstone facies. The limestone is in part dolomitic and in 
most sections contains small amounts of anhydrite as nodules or thin beds. The 
Smackover formation lies conformably and in many sections transitionally be- 
tween the Eagle Mills redbeds and salt below and the Buckner redbeds and anhy- 
drite above. Locally, it is overlain disconformably by the Cotton Valley forma- 
tion. 

Distribution and thickness —The Smackover formation has been identified 
in eastern Texas, southern Arkansas, northern Louisiana, and southwestern 
Alabama. This distribution shows that it underlies the Mississippi embayment, 
and that its discovery in central or southern Mississippi may be anticipated. 
Presumably, it is nearly as extensive as the Eagle Mills formation. 

In Texas the Smackover formation has been identified in Limestone, Navarro, 
Hunt, Franklin, and Panola counties (Fig. 2). It is 463 feet thick in the Stano- 
lind Oil and Gas Company’s Tennie Norris No. 1, about 2 miles west of Thornton, 
Limestone County, but is completely missing about 11 miles northwest in the 
Farrell Drilling Company’s J. R. Gilliam No. 1. The formation is thus limited 
on the western side of the East Texas basin by a line between these wells. It is 
about 135 feet thick in the Falcon Oil Company’s Keitt No. 1, about 10 miles 
west of Currie, Navarro County. It is slightly less than 30 feet thick in the Ameri- 
can Liberty Oil Company’s McNatt No. 1, about 4 miles west of Greenville, 


26 W. H. Twenhofel, Principles of Sedimentation (1939), D. 315- 
27 A. A. Baker, C. H. Dane, and J. B. Reeside, Jr., op. cit., pp. 44-55. 


28 D. H. Bingham, ‘Developments in Arkansas-Louisiana-Texas Area, 1936-1937,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 21 (1937), pp. 1068, 1072. 
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Hunt County. As the Smackover formation in this well grades downward into 
the Eagle Mills formation, and is conformable with the overlying Buckner red- 
beds, it probably is the feather edge of the formation and probably never ex- 
tended much farther landward. On the eastern side of the East Texas basin the 
formation attains a thickness of about 1,140 feet in The Texas Company’s T. C. 
Adams Estate No. 1, in northeastern Panola County. 

In Arkansas the Smackover formation terminates 5-15 miles south of the 
northern limit of the Eagle Mills formation (Fig. 7). Its present extent was de- 
termined partly by erosion prior to Upper Cretaceous sedimentation and partly 
by erosion prior to the deposition of the Cotton Valley formation in late Jurassic 
time, as the Cotton Valley formation in places overlaps onto the Eagle Mills 
formation.”® Its thickness, in areas where it has not undergone erosion, that is, 
where the Buckner formation is present, ranges from about 115 to goo feet and 
increases southward. If this increase is a measure of the former extent of the 
formation, it did not extend many miles north of its present limit in some places. 
The records of several wells drilled in Hempstead County suggest that the Smack- 
over formation extended only slightly north of its present limit in that county. 
Thus the Root Petroleum Company’s Jones No. 1, Sec. 16, T. 13 S., R. 23 W., 
penetrated about 120 feet of Smackover limestone beneath redbeds of the Buck- 
ner formation. About 4 miles to the northwest the W. C. Stewart-Fee No. 1, 
Sec. 31, T.12 S., R. 23 W., penetrated about 116 feet of Smackover limestone be- 
neath Buckner redbeds. About 13 miles due west of the latter well the Imperial 
Oil and Gas Company’s Foster Estate No. 1, Sec. 35, T. 12 S., R. 26 W., passed 
directly from the Cotton Valley formation into the Eagle Mills formation. In 
contrast to these records for Hempstead County, the thicknesses of Smackover 
limestone recorded in Ouachita, Calhoun, and Bradley counties*® suggest that 
the formation extended many miles north of its present limit in those counties. 
If these suggestions are true, then the shoreline of the sea of Smackover time 
must have trended northeastward across Arkansas. 

In northern Louisiana the Smackover formation ranges in thickness from about 
goo to 1,650 feet (Fig. 5). A thickness of about 1,200 feet was drilled in the Stano- 
lind Oil and Gas Company’s Dillon Heirs No. 131, Sec. 14, T. 21 N., R. 15 W., 
Caddo Parish. A thickness of about 1,560 feet, or perhaps 1,654 feet according 
to one interpretation, was drilled in the Union Producing Company’s Z. J. 
Meadows No. A-1, Sec. 18, T. 21 N., R. 4 W., Claiborne Parish. A thickness of 
886 feet was drilled in the Union Producing Company’s Tensas Delta No. A-1, 
Sec. 8, T. 22 N., R. 4 E., Morehouse Parish. 

In southwestern Alabama the Smackover formation is 509 feet thick in the 
Union Producing Company’s M. M. Waite No. 1, Sec. 27, T. 8 N., R. 1 W., 


29 Warren B. Weeks, “South Arkansas Stratigraphy with Emphasis on the Older Coastal Plain 
Beds,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), p. 957- 

R. W. Imlay, “Lower Cretaceous and Jurassic Formations of Southern Arkansas and Their Oil 
and Gas Possibilities,” Arkansas Geol. Survey Inform. Cir. 12 (1940a), Pl. 3. 


30 Imlay, op. cit., p. 16. 
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Clarke County (Figs. 3 and 4). This section is considered by Warren B. Weeks* 
as comparable in lithologic character and thickness with that of the northernmost 
part of the Smackover formation of Arkansas and, therefore, is probably near 
the northern limit of the formation. This conclusion is sustained by the complete 
absence of Jurassic rocks about 62 miles northwest of the Waite well in the Mag- 
nolia Petroleum Company’s Culpepper No. 1 in northwestern Lauderdale County, 
Mississippi. 

Stratigraphic and lithologic features—The Smackover formation comprises 
two facies which grade into each other. One facies consists of interbedded lime- 
stone, dolomitic limestone, dolomite, and some anhydrite, and has been identified 
in parts of eastern Texas, in southern Arkansas, and in southwestern Alabama 
(Fig. 3). The other facies consists of interbedded limestone, shale, siltstone, sand- 
stone, and traces of anhydrite, and has been identified only in northern Louisiana 
and adjoining Panola County in eastern Texas (Fig. 5). 

The Smackover formation of Arkansas and Louisiana, in addition to facies 
changes from north to south, is divisible into two members that are transitional 
into each other and show considerable lateral lithologic variation. The upper 
member in Arkansas thickens southward from about 280 to 500 feet and con- 
sists mainly of white to brown, odlitic to chalky, porous limestone which is 
mostly odlitic near the top. This upper odlitic unit is highly porous and is known 
as the ‘Reynolds odlite,” from the Phillips Petroleum Company’s J. D. Rey- 
nolds No. 1, Sec. 27, T. 15 S., R. 15 W., which first produced oil from the unit. 
In some places another unit of porous odlitic limestone occurs at the base of the 
upper member. Within the odlitic units are layers of highly porous limestone con- 
taining numerous corals, brachiopods, pelecypods, and gastropods, of which most 
are preserved as molds. Some of the limestone beds have well developed stylo- 
lites.** Southward these odlitic to chalky limestones are replaced in northwestern 
Louisiana by dark limestones and shales, and in northeastern Louisiana by dark 
limestones, sandstones, and shales. These changes from north to south, according 
to Weeks,® are from (1) chalky limestone to (2) dolomite and chalk, to (3) odlitic 
limestone cemented with dolomite, to (4) odlitic limestone cemented with calcite, 
to (5) limestone and shaly beds with some odlites and sandstone. 

The upper member of the Smackover limestone in northern Louisiana shows 
a westward change from interbedded limestone, sandstone, and some shale in 
northeastern Louisiana to interbedded limestone and shale in northwestern 
Louisiana (Fig. 5). If its base is arbitrarily chosen on the lowest appearance of 
odlitic beds, then its thickness is about 540 feet in the Pine Island field of Caddo 
Parish, about 760 feet in the North Lisbon field of Claiborne Parish, and about 
445 feet in the Union Producing Company’s Tensas Delta No. A-1 in Morehouse 


Parish. 


31 Personal communication. 


8 Warren B. Weeks, op. cit., p. 965. 
Imlay, op. cit. (19404), pp. 17, 18. 


33 Personal communication. 
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The lower member of the Smackover formation in Arkansas thickens south- 
ward from about 200 to 450 feet and consists mainly of gray to brown, dense 
limestone that commonly has dark, argillaceous partings. It differs from the upper 
member by being generally harder, denser, darker, by containing argillaceous 
material, and by lacking odlitic or chalky material.* Equivalent beds in north- 
eastern Louisiana consist of dark limestone, shale, siltstone, and some sandstone 
that change westward in northwestern Louisiana into dark limestone and shale 
(Fig. 5). The thickness of the lower member in Louisiana is about 735 feet in the 
Pine Island field, Caddo Parish, about 895 feet in the North Lisbon field, Clai- 
borne Parish, and about 460 feet in the Union Producing Company’s Tensas 
Delta No. A-1, Morehouse Parish. In southern Arkansas the lower member of the 
Smackover limestone is considerably thinner than the upper member, but in most 
of northern Louisiana the relationships are reversed. These relationships suggest 
that each member represents a depositional facies which overlaps in time with 
the other. 

Detailed sections of the Smackover formation of Arkansas have been pub- 
lished previously.® Some of the better known sections of deep wells in Texas, 
Louisiana, and Arkansas are described in the following pages or are illustrated 
in the columnar sections in Figures 3-6 and 8. 

SMACKOVER FORMATION IN STANOLIND Ort AND Gas CoMPANY’s TENNIE Norris 
No. 1, LrwEsTonE County, TEXAS 
Depthin Thickness 


Feet in Feet 
Limestone, soft, chalky to odlitic, white, slightly porous, grades at base to 


Dolomite, odlitic, hard, brown to brownish gray, slightly porous......... —8 , 601 56 
Dolomite, sugary textured, hard, brownish gray to grayish brown, some 

stylolites, contains a few layers of calcareous 34 
Dolomite to dolomitic limestone, slightly silty, fine-textured, brownish gray -8,741 106 
Dolomite, granular, gray to brownish; partings of micaceous, silty, black, 

shales streaks Of Wnite -8,753 12 
Dolomite, finely granular, brown, some layers of dark gray, hard dolomite 

and laminations of black micaceous shale...................00000005 —8, 785 10 
Dolomite, finely granular, brown, slightly micaceous and pyritic, some 

Limestone, hard, dark gray; streaks of soft cream-colored chalky limestone, 

gray granular dolomite, and calcareous siltstone...................-. -8 , 837 17 
Limestone to dolomitic limestone, dense, hard, gray; some layers chalky, or 

Limestone, dolomitic to silty to shaly, mainly light gray................ —8, 900 45 
Limestone, dense, dark gray, some layers chalky to silty............... 8,910 10 
Limestone, slightly dolomitic to silty to chalky, gray.................. —8,920 10 
Siltstone, calcareous, gray, laminated with brown shale, slightly pyritic and 

Limestone, very chalky, gray, slightly pyritic; some siltstone............ -8,950 10 
Limestone and siltstone, gray, some layers chalky...................-- -8,980 30 
Siltstone, hard, micaceous, gray; some layers of shale or fine sandstone... -8,988 8 


34 Weeks, op. cit., p. 965. 

Imlay, op. cit. (19404), p. 18. 

% Weeks, op. cit., p. 960. 

Imlay, op. cit. (19404), pp. 17, 18. 
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The foregoing section is separated from the underlying bedded salt by 7 feet 
of gray sandstone and siltstone which might be placed in either the Smackover 
or Eagle Mills formation. 


SMACKOVER FORMATION IN UNION PRropucinc Company’s Z. J. MEapows No. 1, 
Sec. 18, T. 21 N., R. 4 W., CLArBORNE ParisH, LOUISIANA 


Depth Thickness 


in Feet in Feet 
Shaly sandstone, sandy shale, and sandy limestone interbedded, gray to 

Shale, sandy to silty, and odlitic limestone, gray to black............. —I0, 202 19 
Shale, silty, and medium-grained sandstone, gray to black............ 10,217 15 
Sandstone, hard, medium-grained, slightly glauconitic, brownish red. . . 10, 230 13 
Limestone, odlitic, hard, dense, gray, some layers of hard, gray sandstone -10, 245 15 
Sandstone, hard, dense, calcareous, light gray. 10,270 25 
Limestone, odlitic, alternate hard and soft layers; alittleshale.......... 10,290 20 
Sandstone, hard, dense, fine-grained, 10,315 25 
Limestone, odlitic to pisolitic or crystalline, mainly hard, dense to me- 

dium-porous, gray to black; a few anhydrite inclusions below 10,735 

feet; some siltstone below 10,835 feet... -10,880 557 
Sandstone, medium hard, dense, -10, 886 6 
Limestone, hard, dense, black, with some fine oalty sandstone in upper 

Siltstone, silty sandstone, and some sandy limestone, hard, dense, black. . —-10,968 59 
Sandstone, silty, hard, dense, gray, slightly calcareous............... -10,987 II 
Siltstone, shaly, hard, dense, black, calcareous; a few inclusions of anhy- 

Grite; some 0blitic Limestone At BOP... —II,017 30 
Siltstone and shaly sandstone, hard, dense, gray to black, calcareous; some 

Limestone, hard, dense, black; a few thin layers of light gray, silty sand- 

Sandstone, hard, dense, medium- to fine-grained, calcareous, light gray. —II,12I 5 
Limestone and calcareous siltstone, hard, black; some anhydrite in- rs 

Siltstone, shaly siltstone, and some brittle limestone, dark gray to black, 

Limestone, hard, dense, brittle, black; some silty layers; some pyrite and 

Shale, silty, carbonaceous, soft, black; some black, brittle limestone... . —-11, 438 37 
Limestone, brittle, black, interbedded with many thin layers of black 

carbonaceous, silty shale; contains many pyrite inclusions.......... -11,520 82 
Limestone, medium soft, brown, with a few paper-thin carbonaceous 

Siltstone, shaly, hard, black, carbonaceous, and much black, silty lime- 

stone; some layers of brown 11,585 18 
Limestone, hard, black and brown banded; some layers of carbonaceous, 


The preceding section is abstracted from the records of the Union Producing 
Company, but some geologists consider that the upper 78 feet should be included 
in the Cotton Valley formation. The section overlies 23 feet of red, gray, and 
greenish gray sandstone and sandy shale that includes some anhydrite basally 
and rests on bedded rock salt. This redbeds unit should probably be included in 
the Eagle Mills formation, as it occupies the same stratigraphic position as the 


| 
4 


JURASSIC FORMATIONS OF GULF REGION 1445 


beds called by petroleum geologists the ““Norphlet tongue” of the Eagle Mills 
redbeds, and its color is unlike that of the overlying Smackover formation. 


SMACKOVER FORMATION IN UNION PRopuciING Company’s TENSAS DELTA No. A-1, 
Sec. 8, T. 22 N., R. 4 E., MorEenouseE Parisu, LovIsIANA 
Depthin Thickness 
Feet in Feet 


Sandstone, calcareous, odlitic, hard, dense, gray; some irregular layers of 
sandy limestone with odlitic streaks; grades into underlying odlitic 


Limestone, odlitic, hard, gray, slightly porous; some sandy beds......... —7,322 52 
Sandstone, fine-grained, hard, dense, gray, slightly porous, calcareous, some 

beds odlitic; inclusions of white anhydrite near base.................. -7,340 18 
Limestone, hard, dense, brittle, brown to black.................2000005 —-7, 365 7 
Limestone, hard, dense, slightly odlitic, gray, some sandstone layers...... -7,369 4 
Sandstone, calcareous, hard, some layers odlitic................2000005 -7,377 8 
Limestone, odlitic, hard, dense to slightly porous, becoming sandy at base. -7,427 50 
Sandstone, odlitic, hard, dense, gray; some layers of sandy odlitic limestone. -7,447 20 
Sandstone, fine-grained, hard, dense, calcareous; some hard, gray, dense 

Limestone, hard, dense, gray; some sandy layers and small nodules of anhy- 

Limestone, sandy, hard, dense, tan; some nodules of white anhydrite..... -7,557 32 
‘imestone, sandy, and calcareous sandstone, hard, dense, dark gray to 

black; some nodules of anhydrite and black chert..................-- -7,640 83 
Limestone, dolomitic, hard, dense bDIgck ccs -7,656 16 
Limestone, dolomitic, hard, dense, black, slightly odlitic................ -7,671 10 
Siltstone, hard, dense to slightly porous, tan-gray to black, calcareous; some 

carbonaceous layers; some white anhydrite nodules.................. -7,699 19 
Limestone, dolomitic, and shaly sandstone interbedded, hard, dense, black 

to tan-gray; some anhydrite inclusions. —7,734 35 
Sandstone, shaly to silty, hard, dense to slightly porous, gray to black; 

several layers of dolomitic limestone; some white anhydrite nodules... . —-7,785 51 
Limestone, hard to soft, laminated, dark brown to black; some shaly part- 

Limestone, soft, dark brown to black; some layers of carbonaceous silty or 

Limestone, fairly hard to hard, dense, dark gray to black, with many thin * 

layers of micaceous shale and siltstone................cccccceeeeees -8 035 76 
Siltstone and shale, hard, calcareous, gray; some layers of black laminated 

Limestone, hard, black, laminated with carbonaceous siltstone; some thin 

layers of reddish brown sandstone in lower part...............0.-00 -8,114 13 


SMACKOVER FORMATION IN UNION PropucinG Company’s M. M. WalrTE No. 1, 
27, T. 8 N., R .1 W., CLARKE County, ALABAMA 
Depth Thickness 


in Feet in Feet 
Limestone, shaly, hard, dense, dark gray to black.................4- II, 782-11, 802 20 
Shale; hand; black; slightly Calcaveouss 803} 1} 
Limestone, slightly shaly, hard, dense, dark gray to black............ -11,815$ 12 
Anhydrite, hard, dense, white; some thin streaks of black, calcareous shale 
Sandstone, hard, dense, very fine-grained, calcareous, brown and gray.. -11,820 2 
Limestone, shaly, hard, dense, dark gray to black; includes thin beds of 
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TABLE II 


DIsTRIBUTION OF JURASSIC FossILs FROM SMACKOVER Lis 
Species 
(Numbers show derth in feet. 
All specicens are from . 
~ en~e =~ ca ene oa 
3.8 & 363 Fas tas a3 
2 son ia kon 3°43 
Thamnasteria imlayi Welle +} 9200 7536 cove 
Stylina arkansasensis Wel 
Astrocoenia? sp 
tacrinus? ep 
Gramratodon? 
arallelodon 
Ostrea (Lopha) 
Exogyra sp. . 
Trigonia epp. . 
Pecten sp. 
Camptonec 
Posidonia cf. P. or 


Gervill te aff. G. Cragin 
Astarte aff. A. fimbrii tat Walton ..... 
Co hezzardi Imlay 


al 
Astarte (Coelastarte ) cf.Aé.rathieri P.de Lo: 


Opis americans Imlay ...... 
Opie (Trigonopis) cf. 0. curvircstra 
Isocyprina? 
Corbis? .. 
Quenstedtia. weekei Talay . cece . oe 
Eocallista? cf. £E.? cuneovatus (Cragin). ee 
Pholadomya cf. P. hemicardia Roemer +] 12603g-1 oe . 

COPOUIR EP. oo 
Purpurina (Eucycloidea?) ep. ... ose coe eee 
Xyetrella? aff. X. papillosa (Deslongchazre) 
Cryptoptyxie? diversicostata Imlay .... 
Cryptoptyxie? formosa Imlay 
Cryptoptyxie? aff.C.grimaldi(Guirand & Ogerian).. 
Gymnoceritbiua? aff.G.josephense (P.de Loriol) . 
Coritella? ep. 
Phaneroptyxie angulata Imlay 
Nerinea aff. N.eudesii Morri 
Nerinea of. N.turbatrix P. de Loriol .... 
Nerinea aff. N. goodellii Cragin .. 
Nerinea? lafayettensis Imlay .... 
Nerinea? helicata Imlay eee 


4 


Dichotomosnninctes? sp. 
Lamellaptycme ep. 
Depthin Thickness 
Feet in Feet ia 
Limestone, hard, dense, dark gray to black. —-11,880 
Siltstone, shale and anhydrite interbedded. Siltstone, and shale, dark 
brown to black, hard, dense, micaceous. Anhydrite white, pink, and gray -11, 884} 44 ‘ 
Anhydrite, hard, white; some streaks of dark gray limestone.......... -11, 890} 6 | 
Limestone, hard, dense, dark gray; some layers and nodules of white j 
Anhydrite, hard, dense, white; includes beds of black limestone and black 4 
to reddish brown —II,932 28 H 
Limestone, hard, dense, dark gray, slightly coquinoid................ -I1,952 12 
Limestone, hard, dense, greenish gray; lowest bed o@litic............. 11,963 II 
Anhydrite, hard, dense, light gray; some thin layers of limestone. ..... 11,972 9 : 
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LIMESTONE OF ALABAMA, ARKANSAS, LOUISIANA, AND East TEXAS 


. 

ee & ° > g > ne o o 
an ona a ome on cm as on azd 
sc: 2 2 - 3 eo 432090 335 
aoa a eu 20 <2 0 <20 < a 


Depth Thickness 


in Feet in Feet 
Limestone, hard, dense, dark gray to light gray and chalky........... ~11,987 15 
Limestone, hard, dense, gray; a few lenses of white anhydrite in upper 5 
feet. Beds from 11,999-12,001 have bitter, salty taste.............. -12,004 10 
Shale, micaceous, slightly calcareous, -12,013 6 
Anhydrite, hard, dense, gray; a bed of limestone at base..........-.. 12,017 4 
Shale, micaceous, slightly calcareous, hard, black to -12,0214 4} 
Shale, micaceous, slightly calcareous, hard, dark -12,042 13 
Anhydrite, hard, dense, gray; some thin layers of hard, dense, dark gray 
—12,066 6 


Limestone, hard, dense dark gray... 
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Depth Thickness 
in Feet in Feet 
Anhydrite, hard, dense, light gray; some interbeds of hard, dense, gray 


Anhydrite, hard, dense, gray; some thin streaks of hard, gray limestone 12,079 4 
Limestone, hard, dense, dark gray; has bitter, salty taste............... —12,083 4 
Anhydrite with considerable a in upper 3 feet, hard, dense, gray. . -12,088 5 
Limestone and anhydrite ietenbekied, hard, dense, gray; thin bed of black 

Anhydrite, hard, gray... 12,134 10 
Limestone, hard, dark gray, with thin lenses of gray anhydrite.......... 12,185 37 
Limestone, hard, dense, dark gray; some thin layers of hard, gray anhydrite —12,220 10 
Limestone, hard, dense, dark gray; traces of lignite.................... “£2237 17 
Limestone, and anhydrite interbedded, hard, dense, dark gray; traces of 

hard, fine-grained, grayish —12, 291 


In the foregoing section the limestone is mainly dolomitic below 12,205 feet, 
according to Weeks.* The section is noteworthy for the large amount of anhy- 
drite throughout and for the presence of salty-tasting beds as high as 12,000 feet. 
These characteristics show its transitional relationship to the overlying redbeds 
and anhydrite of the Buckner formation and to the underlying salt of the Eagle 
Mills formation. The occurrence of so much anhydrite need not be surprising as 
thin lenses and nodules of anhydrite have been recorded previously from the 
Smackover formation in Limestone County, Texas; from Claiborne, Union, and 
Morehouse parishes in Louisiana; and from Columbia County, Arkansas. Records 
of wells in northern Nevada and Ouachita counties, Arkansas, indicate thick 
masses of anhydrite between the Eagle Mills redbeds and the Smackover lime- 
stone*’ or interbedded with the basal beds of the Smackover limestone. 

The Smackover formation is overlain conformably and in most sections gra- 
dationally within a narrow transition zone by the Buckner formation. The 
graditional relationship is shown generally by the presence of several feet of 
dolomitic limestone or shale at the boundary and by the presence of dolomite 
and anhydrite in the upper part of the Smackover formation. Some evidence has 
been presented for a minor disconformity locally between these formations,** but 
the reworking of the upper few feet of the Smackover limestone and the inclusion 
of odlite pebbles in the basal beds of the Buckner formation could have been done 
by wave action in very shallow waters, such as must have existed in Buckner 
time. In areas where the Buckner formation is missing through erosion, the 


36 Personal communication. 
37 Imlay, op. cit. (1940a), p. 11, Pl. 11. 


38 W. K. Link, “Geology and Development of the Buckner Pool, Columbia and Lafayette Coun- 
ties, Arkansas,” Guide Book 14th Ann. Field Trip Shreveport Geol. Soc. (19394), P- 97- 
, “Geology and Development of the Village Pool, Columbia County, Arkansas,” ibid. 


(1939b), pp. 100, ror. 
Imlay, op. cit. (1940), pp. 18, 19. 
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Smackover limestone is overlain disconformably by the Cotton Valley or younger 
ormations (Fig. 7). 

Correlation The upper part of the Smackover formation has yielded a 
fairly large fauna (Table II) of Argovian age. The evidence is furnished mainly 
by the mollusks,*® as the corals*® merely indicate a Middle or Upper Jurassic 
age. Most of the pelecypods and gastropods are comparable with Argovian or 
Kimmeridgian species (Table III), but a gastropod, apparently identical with Xys- 
trella, suggests an age not younger than Argovian. The deciding evidence consists 


TABLE III 
COMPARISON OF FossILs FROM SMACKOVER FORMATION 
Species from Smackover Formation 6 : Range and Occurrence of 
of Gulf Region Similar Species Similar Species 
Mytilus cf. M. jurensis Merian........... M. jurensis Europe 
Posidonia cf. P. ornati Quenstedt........ P. ornati Aa. World wide 
Astarte aff. A. fimbriata Walton.......... A. fimbriata Europe 
Astarte (Coelastarte) cf. A. rathieri P. de 
Pry (Coelastarte) hazzardi Imlay .| A. rectangula Arkell....... Argovian... .| England 
Opis (Coelopis) americana Imlay. . .| O. portlandica P. de a Portlandian .| Europe 
uenstedtia weeksi Imlay................ . gibbosa Hudleston. . .| Argovian. . England 
holadomya cf. P. hemicardia Roemer.....  hemicardia Roemer... -| Kimmeridgion Europe 
Xystrella? aff. X. papillosa (Deslongchamps) i papillosa (Deslongcham Europe 
Cryptoptyxis? aff. C. phere (Guirand and 
C. grimaldi (Guirand and Ogerian)....| Argovian............. Europe 
Gymnocerithium? aff. G. josephense (P. de 
Phaneropt ye angulata Imlay............ P. moreana (d’Orbigny).............. Argovian-Sequanian....| Europe 
Nerinea a eudesii Morris and Lycett.| N. eudesit Morris Middle Jurassic | England 
Nerinea cf. N. turbatrix P. de Loriol ..... N. turbatrix P. de Loriol............. Europe 
Aptyxiella (Nerinoides)? aff. A. stantoni 
Discosphinctes sp. ..| D. virgulatus (Quenstedt) in Burckhardt Upper Argovian. Mexico 
Discophinctes? sp. ...| D. kucingensis (Choffat) in Upper Argovian. Mexico 
Dichotomosphinctes? sp D. plicatilis (DeRiaz) in Burckhardt. Upper Argovian Mexico 


of several ammonites from depths of 8,741 to 8,756 feet in the Phillips Petroleum 
Company’s Kendricks No. 1, Sec. 22, T. 19 N., R. 11 W., Bossier Parish, Louisiana 
(Fig. 8). These ammonites are very similar to upper Argovian species of Dichoto- 
mos phinctes and Discosphinctes from eastern Durango, Mexico. An Argovian age 
is confirmed by the occurrence of lower Kimmeridgian ammonites in the same 
well at depths of 8,279 to 8,392 feet and of middle Kimmeridigian ammonites at 
depths of 8,048 to 8,063 feet. The lower Kimmeridgian ammonites occur in dark 
shale that apparently occupies the same stratigraphic position as the Buckner 
formation farther north. Whether the Smackover formation represents more than 
Argovian time is not known, but its thickness of only 450 to 1,650 feet and the 
presence of upper Argovian ammonites only 300 feet above its base suggests that 
it dges not represent much more. Regional stratigraphic relationships indicate 
that the Smackover formation is equivalent to the La Gloria formation of north- 


39 R. W. Imlay, “Jurassic Fossils from Arkansas, Louisiana, and Eastern Texas,” Jour. Paleon., 
Vol. 15 (1941), pp. 256-77, Pls. 38, 39. 

40 John W. Wells, “Jurassic Corals from the Smackover Limestone, Arkansas,” ibid., Vol. 16 
(1942), p. 126. 
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ern Mexico (Tables I and VI), which contains ammonites of Argovian age in 
its upper part. 

Origin.—The change from deposition of redbeds and salt of the Eagle Mills 
formation to deposition of limestone, shale, and sandstone of the Smackover for- 
mation indicates deepening of the sea and decrease in its salinity. The lower mem- 
ber of the Smackover formation is probably in part of chemical origin, as indicated 
by its extremely fine texture, by its interbedded anhydrite, and by its gradational 
character in some sections into the underlying Eagle Mills formation. The salinity 
of the sea during deposition of most of the lower member could not have been 
much above normal, as indicated by the presence of many brown to black argil- 
laceous bands or laminae, and by the pelecypod Posidonia. This genus does not 
necessarily indicate fairly deep water, as usually interpreted,*! because in the 
late Jurassic deposits of eastern Mexico it has been found associated with many 
typical shallow-water organisms.“ The dark, argillaceous bands of the lower 
member have been interpreted as the “featheredge deposits of the fore-reef type 
inter-fingering with reef-type deposits’’* represented by the upper member of 
the Smackover formation. If this is correct, then the lower member is partly 
equivalent in time to the shoreward portion of the upper member. This possible 
relationship is suggested by the absence of the lower member near the northern 
boundary of the formation“ and by the thickness changes of the two members 
already discussed. However, it is possible that the lower member passes updip into 
redbeds that are included in the upper part of the Eagle Mills formation (Fig. 9). 
This is suggested by the facts that the redbeds facies in southern Arkan- 
sas is considerably thicker than the salt facies, and that the redbeds facies in 
Limestone, Navarro, and Hunt counties, Texas, grades upward into a rather 
thin Smackover formation. 

The upper member of the Smackover formation of Arkansas was deposited 
mainly in shallow, normal marine water, as shown by the presence of odlites, 
chalky limestone, and shallow-water forms of corals, brachiopods, pelecypods, 
and gastropods. These organisms occur in odlitic to coarsely granular limestone 
beds that are generally only a few inches thick but locally several feet thick, are 
interbedded with odlitic and chalky limestone, and constitute a smaller part of 
the member than do the other types of rock. Wells* says the corals in the Smack- 
over limestone “did not live in agitated water or on the shallower parts of the 
seaward margins of reefs.”” However, some coral specimens in hand are intimately 

4t L. R. Cox, “Jurassic Gastropoda and Lamellibranchia,” in “The Mesozoic Paleontology of 
British Somaliland,” Chap. 8, Geology and Paleontology of British Somaliland, Pt. 2 (1935), Pp. 154+ 


# Carlos Burckhardt, “Etude synthétique sur le mésozoique méxicain,” Abh. Schweizer. Palaeont. 
Gesell., Bd. 49 (1930), p. 95. . 


48 R. T. Hazzard, “Notes on the Comanche and Pre-Comanche(?) Mesozoic Formations of the 
Ark-La-Tex Area: and a Suggested Correlation with Northern Mexico,” Guide Book 14th Ann. Field 
Trip Shreveport Geol. Soc. (1939), p. 172 


“ Weeks, op. cit., p. 982. 


4 John W. Wells, zbid., p. 126. 
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associated with odlites whose origin implies considerable agitation of water. Wells 
also says that the corals are not the reef-building type and that—‘‘it may be 
doubted whether there were reefs of any sort in the Smackover sea in southern 
Arkansas. ...’’ The writer considers that the odlitic limestones were probably 
formed in very shallow, agitated waters, and the chalky limestone in somewhat 
deeper bodies of water. The presence of considerable anhydrite in the upper part 
of the Smackover formation in Clarke County, Alabama, and in northern Nevada 
and Ouachita counties, Arkansas, may indicate temporarily stagnant waters in 
local areas. 

The lands surrounding the Smackover sea were probably drained by only a 
few rivers, as indicated by the character and distribution of the facies of the 
Smackover formation. The character of the limestone facies shows that it was 
formed fairly near shore in shallow waters that were receiving very little clayey 
sediment. The distribution of the limestone facies from eastern Texas to Alabama 
shows that large parts of the sea were not fed by streams. However, at least one 
large river emptied into the sea somewhere in the region of northern Mississippi 
as shown (1) by the southward change of the Smackover formation from domi- 
nantly limestone in southern Arkansas to limestone and shale in northwestern 
Louisiana and to limestone, sandstone, and some shale in northeastern Louis- 
iana, and (2) by an increase in the amount of sandstone eastward across northern 
Louisiana. 

An explanation for the wide distribution of the Smackover limestone facies 
as a nearshore deposit may be found in the arid climate and the peneplaned sur- 
face that characterized Mexico, the southern states, and the western interior in 
early Upper Jurassic time.“ Under these conditions oniy a few of the master 
streams would reach the sea, and for great distances between river mouths cal- 
careous deposits of limestone, dolomite, or gypsum might form near the shore- 
line. It is probable that the master streams would at times bring down loads of 
mud, of which part would spread out laterally and be deposited on the seaward 
side of limestones that were forming along protected parts of the shore. Such a 
condition apparently existed in southern Arkansas and northern Louisiana. 


BUCKNER FORMATION 


Definition —The Buckner formation was named after the Buckner field of 
Columbia County, Arkansas,’ where it consists of about 240 feet of red shale, 
anhydrite, and some dolomite. It overlies the Smackover formation conformably, 
although there is evidence in a few places that the upper few feet of the Smack- 


46 A. A. Baker, C. H. Dane, and J. B. Reeside, Jr., “Correlation of the Jurassic Formations of 
Parts of Utah, Arizona, New Mexico, and Colorado,” U.S. Geol. Survey Prof. Paper 183 (1936), pp. 


54, 55- 
RW. Imlay, “Upper Jurassic Pelecypods from Mexico,” Jour. Paleon., Vol. 14 (1940b), p. 395. 


47 W. B. Weeks, “South Arkansas sg pi ay Emphasis on the Older Coastal Plain Beds,” 


Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), P p. 
V. P. Grage and E. F. Warren, Jr., “Lisbon Of Pjeld, Claiborne and Lincoln Parishes, Louisi- 


ana,” ibid., Vol. 23 (1939), p. 285. 
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over formation was reworked by waves of the Buckner sea. It underlies the Cot- 
ton Valley formation with disconformity that locally involves considerable ero- 
sion. 

Distribution and thickness—The Buckner formation has been identified in 
eastern Texas, southern Arkansas, northern Louisiana, and southwestern Ala- 
bama. Its present shoreward limit in Arkansas (Fig. 7) is irregular and was pro- 
duced by pre-Cotton Valley erosion. Its absence locally within its area of distri- 
bution, as in the Schuler field in southern Arkansas** is probably due to pre- 
Cotton Valley erosion rather than to non-deposition. Its basinward extent is not 
known, contrary to previous statements.*® The typical anhydrite and redbeds 
facies is present in Claiborne, Union, Morehouse, and West Carroll parishes of 
north-central and northeastern Louisiana, but the appearance of a few beds of 
dark shale with marine fossils in the Buckner section of the North Lisbon field 
(Figs. 6 and 8) of east-central Claiborne Parish indicates that the formation 
passes into dark, marine shale not far south. It seems highly probable that the 
Buckner formation is represented by dark, marine shale in the Rodessa, Pine 
Island, and Bellevue fields of northwestern Louisiana and in the Bethany gas field 
of Panola County, Texas. The thickness of the Buckner formation has a consider- 
able range. Part of this range is definitely due to pre-Cotton Valley erosion, but 
some may be due to depositional differences. In eastern Texas thicknesses of 97 to 
480 feet have been drilled. In southern Arkansas thicknesses range from 48 to 274 
feet.5° In northern Louisiana thicknesses range from 121 to 475 feet, and the 
formation is generally thicker than in Arkansas. In southwestern Alabama the 
formation is about 212 feet thick in the Union Producing Company’s M. M. 
Waite No. 1 in Clarke County (Fig. 4). 

Stratigraphic and lithologic features—The Buckner formation in Arkansas 
consists mainly of red shale and white to pink anhydrite, but includes some green 
shale, some red and gray fine-grained sandstone, and thin beds of dolomitic lime- 
stone and argillaceous dolomite. Red shale predominates in the upper part and 
anhydrite in the lower part, but the relative proportions of the two lithologic 
types vary so markedly from place to place that some sections containing abun- 
dant anhydrite are close to sections with little or no anhydrite. The formation in 
Arkansas has been well described by Weeks®! as follows. 


The upper 50 feet of the formation, where present, is red shale with some very finely gritty 
streaks. Below this, in the same type of red shale, are nodules of white to pink finely 
crystalline (granular) anhydrite increasing with depth and becoming interbedded red 
shales and anhydrite. The basal 50 to 60 feet is more or less solid white to pink anhydrite 
with streaks and partings of red shale. There are some streaks of dolomite and in places the 


48 Warren B. Weeks and Clyde W. Alexander, “Schuler Field, Union County, Arkansas,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 26 (1942), pp. 1475, 1495. ~ 


49 Imlay, op. cit. (19404), pp. 21, 22. 
50 Ibid., Pl. 13. 


51 Weeks, op. cit., p. 966. 
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anhydrite is massive and dolomitic. It grades through thin argillaceous dolomite streaks 
into the Reynolds odlite below. 


The Buckner formation in north-central and northeastern Louisiana differs 
from that in Arkansas by being much sandier and containing many beds of gray 
to black color. This dark color and the presence of marine fossils in black shales 
at the depth of 11,661—11,663 feet in the Union Producing Company’s McDonald 
Unit No. 1, Claiborne Parish, indicates that the Buckner redbeds grade south- 
ward into normal marine beds. They support the thesis that the Buckner forma- 
tion is represented in northwestern Louisiana and adjoining parts of Texas by 
dark, calcareous shale that occupies the same stratigraphic position as the Buck- 
ner formation. The sections of the Buckner formation in northern Louisiana 
(Fig. 5) show that the formation varies considerably in lithologic character and 
thickness from place to place, but that in general the formation becomes sandier 
and redder toward the east and shalier and darker toward the west. These rela- 
tionships are the same as for the underlying Smackover formation. 

The Buckner formation in Limestone, Navarro, Hunt, and Franklin counties, 
Texas, is similar to that in Arkansas. Interestingly, the highest part of the for- 
mation in J. B. White’s W. N. Jackson No. 1, 2 miles west of Talco, Franklin 
County, contains beds of odlitic limestone similar to that in the Smackover for- 
mation. The presence of these odlitic beds is not surprising, considering that some 
odlites have been noted in the Buckner formation of Arkansas, that the charac- 
teristics of the Buckner formation indicate deposition in very shallow water, and 
that the formation grades at its base into the Smackover limestone. 

The formation in Clarke County, Alabama, resembles that in northeastern 
Louisiana, particularly the section in the Union Producing Company’s Tensas 
Delta No. A-1, Morehouse Parish, and differs from the formation in Arkansas by 
being much sandier and by containing many dark-colored beds, of which at 
least one contains marine fossils. 

Columnar sections of the Buckner formation are shown in Figures 3-6. De- 
tailed sections for Arkansas have been published previously.* Descriptions of 
typical Louisiana and Alabama sections follow. 


BUCKNER FORMATION IN UNION Propucinc Company’s McDonatp No. 1, 
Sec. 13, T. 21 N., R. 5 W., CLArBORNE ParisH, LOUISIANA 

Depth Thickness 

in Feet in Feet 


Shale, mostly silty, black, gray and greenish black; some streaks and nod- 

Sandstone, shaly, reddish brown, some green near base............... 11,491 4 
Limestone, pseudo-odlitic, sandy to shaly, hard, dense, dark gray....... 11,498 
Shale and siltstone, hard, dense, gray, some anhydrite................. 11,518 20 
Limestone, shaly, hard, dense, gray; nodules of anhydrite in basal 2 feet -I1,529 II 
Sandstone, hard, dense, gray, calcareous; some shale................. -11,550 21 
Shale, hard, red; a few specks of anhydrite... -I1,564 3 


53 Imlay, op. cit. (1940a), pp. 22-24. 
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Depth Thickness 
in Feet in Feet 


Sandstone, shaly, hard, dense, gray, irregularly bedded............... -11,567 3 
Shale, hard, red; many thin layers and nodules of gray anhydrite...... —11,584 4 
Sandstone, fine-grained, hard, red; a few nodules of pink anhydrite. ... -11,587 a 
Shale, hard, red; many thin Jayers and nodules of gray anhydrite...... -11,588 I 
Limestone, shaly, odlitic, hard, dense, gray; a few nodules of gray anhy- 

Shale, hard, red and black; nodules of gray anhydrite................ —I1, 600} 13 
Lamestone, hard, dese, gray... -11,6013 I 
Sandstone, fine-grained, hard, red, with salty taste.................. —I1,607 53 
Shale, calcareous, hard, dense, black; some thin layers of gray anhydrite. 11,612 13 
Sandstone, fine-grained, hard, gray and red, calcareous; streaks of hard, 

Shale, hard, black; streak of hard, gray limestone.................... —11,639 4 
Sandstone, fine-grained, hard, red; some thin layers of anhydrite and 

Limestone, odlitic, hard, dense, black; some thin layers of black shale and 

Sandstone, silty, hard, dense, light gray. ..... —11,661 4 
Shale, hard, black; contains many specimens of marine pelecypod Quen- 

Sandstone, silty, hard, slightly porous, gray with alternate red and green 

Shale, hard, red, some thin layers of hard, red siltstone; dip at least 20°. . —11,673 4 
Sandstone, hard, dense, gray; some streaks of red shale and anhydrite 

Shale, hard, black and gray; some streaks of red shale, anhydrite and 

Shale and sandstone, hard, dense, black and gray.................... -II, 739 24 
Shale, calcareous, black; some layers of limestone................... -11,756 17 
Shale, red and gray; some layers of pink anhydrite and siltstone....... 11,764 8 
Shale, sandy, red; some pink anhydrite nodules..................... -11, 767 3 
Sandstone and shale, hard, gray; some thin layers of red shale and anhy- 

Shale, gray and red; some thin layers of hard, red sandstone; a few nodules 

Shale and sandstone interbedded. Shale, hard, gray. Sandstone, hard, 

coarse-grained, white. Some thin layers of red shale. Grades into coarse 

sandstone at top of Smackover formation ... ................... -11, 808 8 


BUCKNER FORMATION IN UNION PRopucING ComPpaNy’s TENSAS DELTA No. A-1, 
Sec. 8, T. 22 N., R. 4 E., MorenouseE Parisu, LOUISIANA. 
Depth Thickness 


in Feet tn Feet 
Shale, hard, red; some layers of black shale and dense, red sandstone. Pos- 


sibly should be included in base of Cotton Valley.................... 7,110-7,120 10 
Sandstone, fine-grained, argillaceous, medium hard, red; some thin layers 

Sandstone, medium-grained, soft, red; some layers of pink anhydrite..... —7,158 20 
Shale, hard, red;.some layers of black shale...................c0eeeees —7,162 4 
Sandstone, medium-grained, argillaceous, fairly soft, medium to slightly 

porous, red; some thin layers of red shale...................0ee0e00: 7,192 25 
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BucKNER FoRMATION IN UNION Propucinc Company’s M. M. Waite No. 1, 


Sec. 27, T. 8 N., R. 1 W., CLARKE County, ALABAMA 
Depth Thickness 


in Feet in Feet 
Sandstone, soft, red, medium to fine-grained, calcareous; contains streaks 

or nodules of gray limestone in upper 20 feet...................-. II,570-11,618 48 
Shale, sandy, hard, red, micaceous, slightly calcareous................ —11,624 6 
Sandstone, soft, light greenish gray, medium- to fine-grained, calcareous, 

Shale, sandy, hard, red, micaceous, slightly calcareous............... 11,641 is 
Sandstone, soft, light greenish gray, medium- to fine-grained, calcareous, 

Shale, sandy, hard, red, micaceous, slightly calcareous............... 11,649 3 
Sandstone, hard, very fine-grained, gray, micaceous, calcareous...... -11,6534 4} 
Sandstone, hard, fine-grained, gray, slightly to fairly porous, calcareous. . —-11, 658} S 
Sandstone, shaly, hard, fine-grained, dark gray to brown, micaceous, . 

Shale, hara; black to brown; CAICATCOUS., -11,663 13 
Sandstone, hard, brown, very fine-grained, calcareous; flakes and nodules 

Sandstone, hard, grayish brown, medium- to fine-grained, slightly to 

Anhydrite, white, and some black to brown brittle shale.............. —-11,668 2 
Limestone, shaly, hard, dense, dark gray; contains a marine pelecypod 

Sandstone, hard, gray, very fine-grained, micaceous, calcareous; contains 

a few thin streaks of black, non-calcareous shale................... -11,676 5 
Sandstone, hard, gray to brown, fine-grained, slightly to fairly porous, 

Shale, hard, black, micaceous, 11,687 I 
Sandstone, hard, red and gray, fine-grained, micaceous, calcareous..... 11,694 7 
Sandstone, shaly, hard, brown, fine-grained, slightly to fairly porous, 

micaceous, calcareous, irregularly -II,701 7 
Shale, sandy, hard, dense, reddish brown, micaceous, slightly calcareous 

Sandstone, shaly, hard, slightly porous, reddish brown, fine-grained, ir- 

— bedded, micaceous, calcareous; 4-inch bed of anhydrite at j 3h 

Suastann, hard, red, brown, or gray, slightly to: fairly porous, fine- 

grained, micaceous, calcareous, in part irregularly bedded. . 11,725 12} 
Sandstone, shaly, hard, brown, slightly porous, micaceous, calcareous. . “11,728 3 
Shale, hard, brown to —11,729 I 
Sandstone, firm, reddish brown to brown, fine-grained, fairly to > slightly 

Shale, hard, black, brittle; slightly 11,753 
Sandstone, hard, reddish brown to gray, fine-grained, micaceous, calcar- 

eous; some streaks of hard, black calcareous shale in lower 17 feet... .. -11,774 21 
Shale, hard, black and red, brittle, calcareous; some streaks of hard, fine- 


The top of the Buckner formation in the foregoing section is placed at the 
base of the pebble-bearing beds as shown by cuttings, but the electrical log in- 
dicates that the top may be as high as 11,500 feet. According to the cutting 
record, the beds from depths of 11,500 to 11,570 feet differ from those immedi- 
ately below by being conglomeratic and by lacking streaks of limestone. Some 
geologists have selected the top of the Buckner formation as low as 11,660 feet 
on the basis of the first appearance of anhydrite but it seems logical to include 
the overlying non-conglomeratic redbeds. 
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Correlation.—The age of the Buckner formation is determined approximately 
as lower Kimmeridgian (Table I) by its position between the Smackover forma- 
tion, whose upper part is Argovian, and the Cotton Valley formation, whose 
basal beds are at least as old as middle Kimmeridgian. The meager Buckner fauna 
of ostracodes, phyllopods, and pelecypods does not show to which of these stages 
the formation belongs. Its few determinable fossils show close relationship with 
fossils in the adjoining formations and thereby indicate that it represents a very 
small time interval. One species of the phyllopod, Estheria, is common to the 
Buckner formation, and the basal part of the Cotton Valley formation. A 
marine pelecypod, Quenstedtia weeksi Imlay, from the Buckner formation of the 
Union Producing°Company’s McDonald Unit 1, Claiborne Parish, Louisiana, _ 
is likewise known from the upper part of the Smackover limestone. Another 
marine pelecypod, Trapezium?, from the Buckner formation of the Union Pro- 
ducing Company’s Waite No. 1, Clarke County, Alabama, is probably an im- 
mature form of Trapesium? subtrigonum Imlay, from the lower part of the Cotton 
Valley formation of Louisiana. 

Indirect evidence of the lower Kimmeridgian age of the Buckner formation 
is furnished by ammonites obtained from cores in the Phillips-Kendrick No. 1, 
Sec. 22, T. 19 N., R. 11 W., Bossier Parish, northwestern Louisiana (Fig. 8). 
The well section, as many others in northwestern Louisiana, does not contain 
Buckner anhydrite and redbeds as such but does contain dark marine shale at 
the same stratigraphic position as the Buckner. This marine shale, which is 
somewhat lighter in color than typical Cotton Valley shale, at 8,279-8,294 feet 
and 8,377-8,392 feet has yielded specimens of Ataxioceras and Idoceras, whose 
association is proof of a lower Kimmeridgian age. The stratigraphic position of 
these ammonites likewise supports this age assignment, as collections from the 
Cotton Valley formation of the same well section at 8,048-8,063 feet contain 
several species of Idoceras of the group of J. durangense Burckhardt and a Glochi- 
ceras probably identical with G. fialar (Oppel). These ammonites furnish an exact 
correlation with the basal middle Kimmeridgian of Mexico. Furthermore, col- 
lections from the Smackover formation at depths of 8,741—8,756 feet contain 
ammonites very similar to species of Dichotomosphinctes and Discosphinctes that 
characterize beds of upper Argovian age in eastern Durango, Mexico. 

The Buckner formation appears to be the stratigraphic equivalent of the 
thick masses of gypsum at the base of the La Casita formation in the Sierra 
Madre Oriental and elsewhere in Mexico,*’ and at the base of the Malone forma- 


54 R. W. Imlay, “Jurassic Fossils from Arkansas, Louisiana, and Eastern Texas,” Jour. Paleon., 
Vol. 15 (1941), p. 276. 
55 Tbid., p. 272. 


56 Tbid., p. 270. 

57 Emil Bose, ‘‘Vestiges of an Ancient Continent in Northeast Mexico,” Amer. Jour. Sci., 5th 
Ser., Vol. 6 (1923), pp. 130, 131, 203. 

Burckhardt, of. cit. (1930), pp. 84-87, 102, 103. 
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tion in western Texas (Table VI). The exact age of this gypsum has not been 
determined, but it lies directly below beds containing Idoceras of the group of 
I. balderum, which characterizes the upper part of the lower Kimmeridgian, and 
it therefore probably represents earliest Kimmeridgian rather than latest 
Argovian. 

Origin.—Deposition of the Buckner formation in a sea that was being crowded 
basinward by infilling from the land is indicated (1) by the upward transition 
from dolomite to anhydrite to redbeds and (2) by the southward thickening of 
the formation. Probably the lowest dolomitic beds overlying the Smackover 
limestone were formed in nearly normal marine water; the anhydrite and associ- 
ated dolomite and redbeds in highly saline waters; and the highest redbeds, 
containing Estheria, in fresh or brackish waters. A basinward change to normal 
marine environment is indicated by the appearance in northern Louisiana and 
northeast Texas of dark-colored beds and marine fossils. The extent of the an- 
hydrite and redbeds indicates deposition in a belt 50 to 70 miles wide, marginal 
to the land masses. 

It is an open question whether the Buckner anhydrite and redbeds were 
deposited entirely subsequent to the Smackover formation or in part as back-reef 
or lagoonal deposits contemporaneous with the deposition of the upper odlitic- 
coralline member of the Smackover formation. Arguments for the first thesis 
are (1) that the Buckner formation consistently grades downward through shale 
and dolomite into the Smackover formation and (2) that the anhydrite and red- 
beds extend basinward slightly beyond the odlitic-coralline member of the 
Smackover formation. Arguments for the second thesis are that (1) some odlites 
are present locally in the Buckner formation and (2) some of the structures now 
producing oil from the Smackover formation were growing during Smackover 
time as minor submerged swells which might enclose local stagnant basins where 
conditions would favor the precipitation of gypsum. Evidence for the growth of 
structures during Smackover time consists of the greater thickness of odlitic- 
coralline limestone near the tops of the structures than on their flanks and per- 
haps by the smaller thickness of the Buckner formation on their tops than 
on their flanks. The presence of local stagnant basins would explain the highly 
variable thickness and lithologic characteristics of the Buckner formation. The 
upbuilding of odlitic and coralline limestone on the structures during Smackover 
time obviously was secondary to the growth of the structures themselves in 
controlling sedimentation and could not have influenced sedimentation during 
most of Buckner time. Of course, it has not yet been demonstrated that the 
presence of lagoonal conditions is essential for the precipitation of gypsum on 
the margin of a coastal shelf. The great width and extent of the anhydrite and 
redbeds of the Buckner formation does not fit the picture of lagoonal conditions 
that exist today along the western part of the Gulf of Mexico. 

Probably one of the main sources of clastic sediment during Buckner time 
was east or northeast of the Gulf Embayment as indicated by the formation con- 
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taining more sandstone in north-central and northeastern Louisiana than in 
southern Arkansas and becoming generally sandier eastward across northern 
Louisiana. 

COTTON VALLEY FORMATION 

Definition.—The Cotton Valley formation was defined for marine fossiliferous 
dark shale, limestone, and sandstone lying below redbeds of the Hosston forma- 
tion in the Cotton Valley field of northern Louisiana.®® It changes northward in 
southern Arkansas into redbeds known as the Schuler redbeds member, because 
of its occurrence in the Schuler oil field. The formation in Arkansas and in some 
of the northernmost parishes in Louisiana is separated from the adjoining forma- 
tions by disconformities that are marked by basal conglomerates. Farther south 
no disconformities are evident, although the formational boundaries in most 
wells are fairly distinct. 

Distribution and thickness—The Cotton Valley formation has been identified 
in northeastern Texas in Limestone, Navarro, Hunt, Bowie, Franklin, Red 
River and Panola counties (Fig. 2), in southern Arkansas as far north as cen- 
tral Hempstead, northern Ouachita, and central Bradley counties (Fig. 7), in 
northern Louisiana as far south as Bienville Parish, in central Mississippi in 
Hinds County and possibly in Scott County, and in southwestern Alabama only 
in Clarke County (Fig. 3).. The occurrences in Arkansas, extreme northeast 
Louisiana, Mississippi, and Alabama represent the Schuler redbeds facies; those 
in north-central and northwest Louisiana, and in Panola County, Texas, repre- 
sent the dark, normal, marine facies; and those in Limestone County, Texas, 
resemble the Schuler facies in their basal part and the dark, marine facies in 
their upper part. In addition, dark, marine shales of late Upper Jurassic age have 
been penetrated by drilling on the south side of the Rio Grande Embayment 
about 32 miles southwest of Laredo, Texas. This occurrence is much nearer to 
Jurassic outcrops in northern Mexico than to the known subsurface occurrences 
in northeastern Texas, but it shows that late Jurassic beds similar to the Cotton 
Valley formation exist in the Rio Grande Embayment and probably underlie 
much of southern and southeastern Texas. 

The limits of the Cotton Valley formation have been determined only in 
northeastern Texas, and in southern Arkansas (Fig. 7), and are obviously 
erosional, but the characteristics of the formation indicate that it did not in most 
places extend more than 30 to 50 miles farther inland. The Cotton Valley con- 
glomerates in Limestone County, Texas, were clearly derived from Paleozoic and 
older rocks of central and north-central Texas, and those in southern Arkansas 
were derived from rocks such as are now exposed in the Ouachita Mountains. 
The marked thinning and coarsening of the Cotton Valley formation near its 


58 V. P. Grage and E. F. Warren, Jr., “Lisbon Oil Field, Claiborne and Lincoln Parishes, Louisi- 
ana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), Pp. 285. 

W. B. Weeks, “South Arkansas Stratigraphy with Emphasis on the Older Coastal Plain Beds,” 
ibid., Vol. 22 (1938), p. 966. - 

A. F. Crider, “Bellevue Oil Field, Bossier Parish, Louisiana,” ibid., Vol. 22 (1938), p. 1665. 
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northern limit in Arkansas shows that the source was near by. Limiting the forma- 
tion on the north by highlands in the region of the Ouachita Mountains would 
mean that the Schuler redbeds facies before erosion was about 60 to 70 miles in 
width. This gives an idea concerning the former extent of the formation in other 
areas where the Schuler facies has been penetrated. 

The thickness of the Cotton Valley formation in Limestone County, Texas, 
is about 1,305 feet in the Stanolind Oil and Gas Company’s Tennie Norris 
No. 1 (Fig. 2), 2 miles west of Thornton, but decreases markedly westward and 
is only about 220 feet, if present at all, 11 miles northwest in the Farrell Drilling 
Company’s J. R. Gilliam well No. 1. This westward thinning is probably mainly 
depositional, as the conglomerates in the lower part of the formation were evi- 
dently derived from a near-by source in central Texas. Other wells in Navarro, 
Hunt, and Red River counties have penetrated the marginal part of the forma- 
tion where its thickness is less than 800 feet and have shown that the formation 
boundary passes westward through northern Red River County to northwestern 
Hunt County and then southward through western Limestone County. 

The Cotton Valley formation in the Arkansas-Louisiana-East Texas area 
increases considerably in thickness toward the south, attaining a little more 
than 2,400 feet near the Arkansas-Louisiana boundary*® and generally more than 
3,000 feet in northernmost Louisiana. The maximum reported thickness is the 
3,980 feet in the Union Producing Company’s McDonald Unit 1 well in the 
North Lisbon field of Claiborne Parish (Fig. 6). In northeastern Panola County, 
Texas, The Texas Company’s T. C. Adams Estate No. 1 penetrated 1,755 feet 
of the Cotton Valley formation, or perhaps 2,035 feet according to some inter- 
pretations of the section (Fig. 5). These figures suggest that the formation at- 
tains its greatest thickness in the syncline near the Arkansas-Louisiana boundary, 
sometimes called the eastern extension of the Cass County syncline, and de- 
creases in thickness farther south. 

The Cotton Valley formation of Hinds County, Mississippi, has been pene- 
trated in the State of Mississippi’s Fee No. 2 (Fig. 3) to a thickness of about 
2,690 feet without reaching its base,®° but the formation is probably not much 
thicker. 

The Cotton Valley formation of Clarke County, Alabama, has been pene- 
trated in the Union Producing Company’s M. M. Waite well to a thickness 
variously interpreted between 1,660 and 3,970 feet, but with the majority opinion 
favoring about 2,200 feet. 

Stratigraphic and lithologic features —The Cotton Valley formation consists 
of a redbeds facies near shore and a dark, normal marine facies offshore. The red- 


59 Imlay, op. cit. (1940a), Pl. 14. 


_ © W. H. Monroe, and H. N. Toler, “The Jackson Gas Field and the State Deep Test Well,” 
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Arthur Wedel and others, “Subsurface Sections of Central Mississippi, chiefly Cretaceous,” 
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beds facies (Fig. 3), commonly called the Schuler member, consists of variegated 
shales and sandstones, and generally a basal conglomerate. Most of the sand- 
stones are red and white, and most of the shales are red and gray, but some of the 
shales are brownish or greenish gray. Many of the shales have a talc-like or waxy 
appearance. Some gray shales in the upper part of the formation contain numer- 
ous brown to brownish black pellets of siderite, or ankerite. The sandstones are 
more abundant in the lower part of the formation than in the upper part and 
predominate over shales only near the northern limit of the formation. The con- 
glomerate consists of chert, novaculite, and quartzite particles. Many thin, 
irregular seams of coal, probably not formed im situ, were particularly noted in 
the upper part of the Schuler facies of the Union Producing Company’s Crossett 
Lumber Company No. 1, Sec. 6, T. 22 N., R. 6 E., Morehouse Parish, Louisiana 
(Fig. 1). The Schuler facies may be differentiated from the overlying Hosston 
formation by its darker colors, larger amount of calcareous and carbonaceous 
material, presence of brownish black pellets of siderite, and its talc-like variegated 
shale. Also, the top of the Schuler member is generally easily determined by the 
presence of conglomerate in the basal part of the Hosston formation.” 

The dark, normal marine facies, known in north-central and northwestern 
Louisiana and in Panola County, Texas (Fig. 5), consists mainly of shale but in- 
cludes many beds of sandstone and limestone. The shale ranges from gray to 
black, much of it is silty or sandy, and most beds are calcareous. The sandstone 
ranges from gray to white, is hard, generally fine-grained and dense, partly cal- 
careous, in most sections predominates over limestone, and occurs as thick units 
or as thin interbeds in shale. The limestone is thin-bedded, ranges from gray to 
brown to black, is commonly densely granular but may be odlitic or coquinoid, 
and many beds are sandy, silty, or shaly. The facies may be differentiated from 


the overlying Hosston formation by its darker colors, much smaller amount of - 


sandy material, and much greater amount of calcareous material. 

Sections of the Schuler redbeds member in Arkansas® and Mississippi® 
have been published previously. The section in the State of Mississippi’s Fee 
No. 2, Hinds County, at depths below 2,840 feet, is mostly typical of the Schuler 
facies, but Weeks™ suggests that the upper 185 feet may belong in the Hosston 
formation. Other sections of the Schuler member in eastern Texas, in northeastern 
Louisiana, and southwestern Alabama, and of the dark, marine facies in north- 
central Louisiana are presented here. 

81 Weeks, op. cit., pp. 967, 968. 

Imlay, op. cit. (19404), pp. 25, 26, 29. 

® Weeks, op. cit., p. 967. 


Imlay, op. cit. (19404), p. 26. 
Warren B. Weeks and Clyde W. Alexander, “Schuler Field, Union County, Arkansas,” Bull. 


Amer. Assoc. Petrol. Geol., Vol. 26 (1942), pp. 1474-82. 


63 Monroe, op. cit. 
Wedel and others, of. cit. 


Personal communication. 
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Corton VALLEY FORMATION IN STANOLIND O1t AND GAS CoMPANY’S TENNIE Norris No. 1, 
2 Mites WEsT OF THORNTON, LIMESTONE CouNTy, TEXAS 


Sandstone, non-calcareous, very fine-grained, white.................... 
Limestone, sandy and calcareous sandstone, dark gray to brownish gray. . . 
Shale, partly silty, gray, greenish gray, black, and red; many beds of fine- to 
medium-grained, white sandstone; some lignitic matter; a little pink and 
Shale, silty, hard, mostly red, some green and dark gray................ 
Sandstone, fine-grained, white, alternating with beds of red and green shale 
Sandstone, silty, calcareous, white to greenish gray, streaks of black shale; 
Sandstone, siltstone, ye shale interbedded, red, green, and gray........ 
Sandstone and siltstone as above, and considerable gray and red shale.... 
Siltstone to very fine-grained sandstone, calcareous..............---+-- 
Sandstone, very fine-grained to silty, calcareous. 
Sandstone and siltstone, slightly micaceous and carbonaceous, greenish. . 
Limestone, silty, and calcareous siltstone, gray to brown............... 
Limestone, slightly silty, dark gray, some white, chalky streaks......... 
Siltstone to very fine-grained sandstone, hard, calcareous, micaceous, 
Limestone, dense to coarsely granular. dark gray... 
Sandstone very fine-grained, to siltstone, shaly, calcareous, gray.......... 
Sandstone, very fine-grained, to siltstone, shaly, finely micaceous, calcare- 
Sandstone, very fine-grained, to siltstone, slightly calcareous, light gray. . 
Limestone, chalky to sandy, and ed sandstone; few odlites; some 
Limestone, sandy, to calcareous; siltstone, gray; some green glauconite... 
Conglomerate of white to smoky quartz, green schist, and chert......... 
Conglomerate as above, but with more schist.............. Pre 
Sandstone, fine- to coarse-grained, gray to green 
Conglomerate of quartz pebbles, with some schist fragments; some sand- 
Conglomerate, and medium to coarse-grained, green to red sandstone. ... 
Sandstone and sandy shale, green and red... ..........002.s0s00000000% 
Conglomerate of quartz, chert, and schist; some red and green, coarse sand- 
stone; schistose material increases downward from about 40 to 75 per cent 
Sandstone, calcareous, red to green, with pebbles of schist or less commonly 
Conglomerate of quartz, chert, and schist. Thin beds of red and green shaly 
Sandstone, fine to coarse- -grained, red and light green, in places shaly; some 
beds: contain quartz and schist pebbles. 
Conglomerate of quartz, chert, and schist; some layers of red to green sand- 


Depth 
in Feet 


7,995-7,110 
—7,130 
T3255 
—7,175 


—7 320 
—71350 
-7,380 


-7,485 


-7,55° 
—7,595 
—7,600 
-7,620 
-7,640 
-7,650 
-7,660 
-7,670 
—7,680 
-7,690 
—7,700 
—7,720 
-7,77° 


—7,800 
—-7,820 
-7,830 
-7,850 


-7,890 
—7,900 
—7,910 


—71920 , 


—7,99° 
—8 ,000 
,030 
—8, 060 
-8,077 
082 
-8, 100 
-8,135 
-8,142 
-8,175 
-8,190 
8,250 
-8,315 


—-8,400 


Thickness 
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15 
20 
25 
20 
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30 
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- This section is divisible into three members. The upper member is 500 feet 
thick and consists mainly of white, silty sandstone and varicolored shale similar 
to the Schuler redbeds member of the Cotton Valley formation of Arkansas. 
The middle member is 405 feet thick, consists mainly of gray limestone and silt- 
stone, and may be compared with the typical Cotton Valley formation of northern 
Louisiana. The lower member is 400 feet thick, consists of gray, green or red con- 
glomerate, and sandstone, and may be compared with the basal conglomerate of 
the Schuler member. The top of the Cotton Valley formation, in the foregoing 
section, was chosen on the first appearance of calcareous beds and of red and 
greenish shales below a thick unit of conglomeratic sandstone marking the base 
of the Lower Cretaceous beds. The base of the Cotton Valley formation makes an 
abrupt contact with the underlying redbeds of the Buckner formation. 
Cotton VALLEY ForMATION IN UNION Propucinc Company’s McDonatp Unit No. 1, 
Sec. 13, T. 21 N., R. 5 W., CLAIBORNE PARISH, LOUISIANA 
Depth Thickness 


in Feet in Feet 
Shale, partly sandy, or calcareous, dark gray to black. Contains a few thin 
Sandstone, hard, medium- to fine-grained, dense to porous, gray to white, 


Shale, sandy, or calcareous, gray to black; some beds of gray to white sand- 

stone in upper part; many beds of gray to brown limestone in lower part. 

Cores from depths of 8,165-8,185 feet had no apparent dip........... -9,075 075 
Sandstone, hard, fine-grained, dense to slightly porous, gray, partly cal- 

careous, many beds shaly. Some beds of gray to black shale or sandy 

Shale, partly silty, sandy, or calcareous, gray to black. Some beds of gray, 

fine-grained sandstone in upper part, and gray to black, odlitic or coquin- 

Shale, siltstone, and sandstone interbedded, becoming sandier near base, 

gray to black, in part calcareous; includes a few thin beds of limestone. 

Cores from depths of 10,935-10,955 had dips of about 10°.............. ~11,080 575 
Shale and siltstone, partly sandy, several beds of silty sandstone in Jower 

part, 25 feet of silty sandstone at base, gray to black. Cores show steep 


This section of the Cotton Valley formation makes abrupt and easily recog- 
nized contacts with the adjoining formations, is typical of the Cotton Valley 
formation, and is the thickest known section in the Arkansas-Louisiana-East 
Texas area. Comparisons with the section in the Union Producing Company’s 
Z. J. Meadow’s No. 1 (Figs. 6 and 8) has furnished information of unusual value 
in understanding the geologic history of Cotton Valley time and in determining 
the magnitude of the post-Buckner unconformity. 


Corton VALLEY ForMATION UNION Propucinc Company’s TENSAS DeEtta No. A-1, 
Sec. 8, T. 22 N., R. 4 E., Morenouse Parisu, LOUISIANA 
Depth Thickness 
in Feet in Feet 


Siltstone and sandstone, some sandy to silty shale, gray and red......... 4, 269-4,422 £2 
Shale and siltstone, commonly red and green; many shales hard, gummy | 

and variegated with red, yellow, green, and gray; some glauconite below 

depths of 4,470 feet; siderite pellets in many beds at depths below 

4,550-4,560 feet; several beds of light gray, fine-grained sandstone....... -5,094 672 
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Sandstone, siltstone, and shale interbedded in about equal amounts. Sand- 
stone fine- to medium-grained, slightly to medium porous, fairly soft, 
gray, white, less commonly pink or tan. Siltstone and shale, hard to soft, 

Shale, red, with streaks of gray to red siltstone and white sandstone..... 

Sandstone, soft to medium hard, medium-grained, medium to slightly 

Shale, red, with a few thin beds of red or gray siltstone or sandstone; traces 

Sandstone and shale interbedded, dominantly red; some shale gray to black 

Shale, black and red, with some dark gray, odlitic to granular limestone and 
reddish brown sandstone. Black shale is fossiliferous and calcareous... . 

Shale, red, with many thin beds of hard, dense red or white sandstone, or of 

Sandstone and some shale. Sandstone generally soft, medium- to coarse- 
grained, rarely fine-grained, slightly to fairly porous, dominantly red, 
rarely white. Shale dominantly red, less commonly black and fossiliferous. 


Depth 
in Feet 


5428 
59551 


—6, 088 
6,278 


-6,472 
—6,612 


—7, 109 


1463 


Thickness 
tn Feet 


334 
123 


39 


498 
190 


194 


140 


497 


2,840 


The foregoing section belongs to the Schuler redbeds member of the Cotton 
Valley formation. Its top is easily chosen at the base of a thick unit of gray 
sandstone containing quartz pebbles. Its base might be chosen at 7,120 feet as 
that depth marks the highest occurrence of bedded anhydrite in the Buckner 
formation, but the electrical log indicates that the major break between the 
Cotton Valley and Buckner formations occur about 10 feet higher. 


SECTION INCLUDING CoTTON VALLEY FORMATION IN UNION PRropucING CoMPANY’S 
M. M. Waite No. 1, SEc. 27, T. 8 N., R. 1 W., CLARKE County, ALABAMA 


Hosston formation (majority opinion) 
— shaly, fine-grained, micaceous, greenish gray, with siderite 
Shale; hard, micaceous; Ted and gray. 
Sandstone, soft mainly, fine-grained, micaceous, red................. 
Shale, slightly sandy, hard, micaceous, red; some streaks of soft red 
Sandstone, soft, micaceous, red and 
Sandstone, firm, fine-grained, red and green, streaks of red, sandy shale 
Shale, sandy, hard, micaceous, dark red; streaks of green sandstone... . 
Shale, sandy, hard, micaceous, dark red, with streaks of red and green, 
Sandstone and shale interbedded, hard, micaceous, red, reddish brown, 
Sandstone, soft to hard, coarse-grained, micaceous, dark red mainly, some 
green; some siderite pellets; contains a little red, sandy shale; a little 
Shale, sandy, hard, micaceous, red; streaks of red and green sandstone; 
Sandstone, hard to soft, fine-grained, micaceous, reddish brown and 
green: includes several beds of red, sandy shale; siderite pellets common 
Sandstone, soft, coarse-grained, micaceous, reddish brown; contains 
Streaks Or Nara. SANGY GHAIC. 
Shale, sandy, hard, micaceous, dark red and some green; contains streaks 


Depth 
in Feet 


7,600-7,614 
-7,628 
-7,657 


—-7,680 
-7,695 
787 
—7,922 
-7,840 
-7, 863 
-7,928 
-8, 100 
-8,123 


-8,340 
—8, 385 


-8,555 
-8, 592 


Thickness 
in Feet 


14 
14 
29 
23 
15 
54 
38 


35 
18 


23 
65 
24 
48 
23 


217 
45 


170 


37 


| || 
2 
i | | 
| 
4 


4 
1464 RALPH W. IMLAY i 
4 
Depth Thickness 
in Feet in Feet 
Sandstone, soft, coarse-grained, reddish brown; streaks of red and green, 

Shale, sandy, hard, micaceous, red and green; streaks of reddish brown, 

Sandstone, soft, coarse-grained, reddish brown.................2005 -8,658 18 
Sandstone, soft to hard, coarse-grained, light green to white.......... =35727 52 
Shale, sandy, hard, dark red; contains streaks of hard, green sandstone. . -8,747 20 
Sandstone, soft, fine- to coarse-grained, white; some beds of red shale near 

Shale, slightly sandy, hard, micaceous, dark red; streaks of fine-grained, 

sandstone, firm, coarse-prained, white. -8 , 830 14 
Shale, sandy, hard, dark red; streaks of fine-grained, green sandstone. . -8 , 843 13 
Sandstone, soft, medium- to coarse-grained, white; streaks of red, sandy 

Shale, sandy, hard, red; streaks of reddish brown, coarse-grained sand- 

Sandstone, soft, coarse-grained, white mainly, some green; streaks of 

Shale, sandy, hard, red; streaks of hard, green, fine-grained sandstone. . -8,970 20 
Sandstone, soft, coarse-grained, white to reddish brown.............. —-8,998 28 
Sandstone, soft, coarse-grained, white, some beds of hard, red sandy shale -9,073 5 
Shale, sandy, hard, red; inclusions of hard, fine-grained, green sandstone -9, 112 39 
Sandstone, soft to hard, fine- to coarse-grained, dark red mainly, some 

white and green; some beds conglomeratic; a few beds of red, sandy 

Sandstone, soft, coarse-grained, red and white, conglomeratic; several 

Shale, sandy, hard, dark red to black with streaks of red to gray sand- 

Sandstone, hard, coarse-grained, dark red, conglomeratic............. 9,400 43 
Cotton Valley formation (majority opinion) 

Shale, slightly sandy, hard, dark red; streaks of green and gray sandstone -9,460 60 

Shale, sandy, hard, mottled red, yellow, gray, and green; thin streaks of 

Sandstone, soft to hard, coarse-grained, white, conglomeratic.......... 9,533 25 
Sandstone, soft, medium- to cuarse-grained, light gray; several beds of 

Shale, sandy, hard, dark red; some gray and green fine-grained sandstone. ~9,627 36 
Sandstone, soft to hard, coarse-grained, white; some varicolored, sandy 

Shale, sandy, varicolored; streaks of white, coarse-grained sandstone..... -9,707 35 
Santistone, Sort; Coatee-pramed, .. -9,717 10 
Shale, sandy, hard, red; inclusions of green, fine-grained sandstone.... . 9,732 15 
Sandstone, soft, fine- to coarse-grained, light gray; streaks of red sandy 

Sandstone, soft, fine-grained, dark red; streaks of hard, red shale and : 

Sandstone, conglomeratic, hard, coarse-grained, white to gray......... -10,519 608 
Sandstone, conglomeratic, soft mainly, medium- to coarse-grained, gray; . 

a few streaks or nodules of light gray, granular limestone in lower 300 

Sandstone and micaceous shale, soft to hard, red and gray, calcareous. . -I1,213 43 
Sandstone, soft, medium- to fine-grained, red, calcareous............. 229 16 
Shale, sandy, hard, micaceous, dark red, slightly calcareous........... —I1,249 20 
Sandstone, soft, medium- to fine-grained, tan to dark red, calcareous... 11,270 21 
Shale, sandy, hard, micaceous, dark red, slightly calcareous; some thin 

streaks of hard, reddish tan to tan, calcareous sandstone........... -11,334 64 
Sandstone, conglomeratic, soft, medium- to fine-grained, red to reddish 
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Depth Thickness 
in Feet in Feet 
Sandstone, soft, very fine-grained, red, slightly calcareous; some layers of 


red sandy shale and green sandstone in upper 30 feet.............. -11,451 62 
Sandstone, firm, medium- to fine-grained, white, slightly calcareous... . —11,462 II 
Sandstone, hard, medium- to fine-grained, red, slightly calcareous, 

slightly glauconitic; streaks of hard, red, sandy shale.............. 501 390 
Shale, sandy, hard, micaceous, red, slightly calcareous; streaks of red, 

Sandstone, firm to soft, fine- to medium-grained, red, calcareous; streaks 

of red, sandy shale in upper 40 feet; conglomeratic in lower 20 feet.... —II,570 60 


The foregoing detailed section, based on cutting and core descriptions made 
by geologists of the Union Producing Company, may be summarized as follows. 


Depth Thickness 
Hosston formation (majority opinion) in Feet in Feet 
Sandstone and sandy shale. Sandstone predominating in lower three- 
fourths, soft to hard, fine- to coarse-grained, red, reddish brown, green, 
some gray, micaceous, contains abundant siderite pellets, some beds 
shaly or conglomeratic. Shale hard, red, some green and gray, mica- 
Sandstone and some sandy shale. Sandstone soft, coarse-grained, white, 
some green, rarely reddish brown. Shale hard, micaceous, dark red, 
streaked with fine-grained, green 9,073 398 
Sandstone, conglomeratic, alternating with thick units of sandy shale. 
Sandstone soft to hard, fine- to coarse-grained, dark red, white, and 
green. Shale hard, dark red to black, streaked with fine-grained sand- 
Cotton Valley formation (majority opinion) 
Sandstone alternating with several thick units of sandy shale but greatly 
predominating in lower three-fourths. Sandstone soft to hard, coarse- 
grained mainly, white to light gray, some dark red, contains some 
pebbles. Shale hard, red, yellow, gray, green, streaked with varicolored 
Sandstone, conglomeratic, soft to hard, medium- to coarse-grained, white 
to gray; a few streaks of gray limestone and some hard red shale near 
Sandstone, partly conglomeratic, and some sandy shale. Sandstone, soft 
to hard, medium- to fine-grained, calcareous, red to tan. Shale hard, 
micaceous, slightly calcareous, dark red, occurs as thick beds in upper 
one-third and as thin beds in the sandstone units.................. —-11,570 400 


The foregoing section is particularly noteworthy for the thick mass of con- 
glomeratic sandstones throughout its lower 1,660 feet. Concerning these beds, 
M. A. Peterson, geologist in charge during drilling operations, has contributed 
the following note. 


The conglomeratic zone penetrated in the Union Producing Company’s Waite No. 1 
well, Clarke County, Alabama, consists of numerous small to large, varicolored, well 
rounded gravel in a matrix of soft, porous, gray, coarse-grained, angular, unconsolidated 
sand. Gravels and portions of the boulders recovered in cores, along with drilling reactions, 
indicate that boulders one foot or possibly eighteen inches in diameter were encountered. 
This zone of larger gravel and boulders extends from depths of 9,911 to 10,390 feet and 
from this point to the base of conglomeratic zone at 11,570 the gravel gradually diminishes 
in size. 


i 
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The lower boundary of the Cotton Valley formation in the Union Producing 
Company’s Waite No. 1 was chosen by the Union Producing Company at the 
base of the conglomeratic sandstones which, according to the sample record, ex- 
tend to a depth of 11,570 feet. The electrical log indicates that the base of the 
conglomeratic beds may be as high as 11,500 feet. Some geologists consider that 
the lower boundary of the Cotton Valley formation should be placed at a depth 
of about 11,660 feet, just above the highest occurrence of anhydrite, but the 
general opinion is that the overlying red sandstones and shales, as high as about 
11,642 feet, belong to the Buckner formation and are comparable with the red- 
beds in the upper part of the Buckner formation in Arkansas. In the present re- 
port the base of the conglomeratic sandstone at 11,570 feet is arbitrarily chosen 
as the lower boundary for reasons of convenience in using the records of the Union 
Producing Company. 

The upper boundary of the Cotton Valley formation in the Union Producing 
Company’s Waite No. 1 is not easily recognized. Geologists who have examined 
the samples have chosen the upper boundary at depths ranging from 9,911 to 
7,690 feet, but the most generally accepted depth is about 9,400 feet. The depth 
of 7,690 feet was chosen by Fred M. Swain and Warren B. Weeks,® of the Phillips 
Petroleum Company,,on the “occurrence of green siliceous, talc-like shale” 
similar to that in the Schuler facies of the Cotton Valley formation in Arkansas. 
Other evidence suggesting that the Cotton Valley may extend as high as 7,690 
feet is (1) the occurrence of coarse-grained sandstone containing chert pebbles 
between depths of 7,570 to 7,600 feet and (2) the abundance of siderite pellets 
between depths of 7,993 and 8,400 feet. However,. the occurrence of pebbles is 
important only as supplementary to other evidence, as pebbles occur at various 
levels below 4,935 feet. The presence of much siderite throughout nearly 400 feet 
of strata may be significant, because in Arkansas the upper part of the Cotton 
Valley formation is characterized by siderite or ankerite pellets, which are absent 
in the overlying Hosston formation.® In the Alabama well under discussion, 
siderite pellets have been recorded at depths ranging from 8,400 to 4,712 feet 
but above 7,993 feet occur sporadically and generally not in abundance. 

One consideration at first suggests that the top of the Cotton Valley forma- 
tion in the Alabama well may be higher than the depth of about 9,400 feet se- 
lected by most geologists. According to the writer’s observations in Mexico,*’ 
the main time of uplift and erosion was in late Jurassic rather than early Cre- 
taceous, and the accumulation of arkosic sediments during early Lower Cre- 
taceous was a result of aridity that removed the vegetation holding the soil in 
place. Thus in Mexico the clastic deposits of the late Jurassic are thicker and 
coarser than those of the early Lower Cretaceous. In the Arkansas-Louisiana- 


6 Personal communication. 


6 Imlay, op. cit. (19404), pp. 26, 29. 
67 R, W. Imlay, “Neocomian Faunas of Northern Mexico,” Bull. Geol. Soc. America, Vol. 51 
(1940c), p. 126. 
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East Texas area the Cotton Valley formation of the late Jurassic is thicker and 
coarser than the clastic deposits of the early Cretaceous. In Alabama the same 
relationship of the Cotton Valley formation to the overlying beds may be antici- 
pated except near the truncated margin, or the pinch-out of the formation. 
However, the coarseness of the conglomerates in the lower part of the Cotton 
Valley formation of the Waite well indicates a marginal position, where the for- 
mation is thinnest, as do similar coarse conglomerates in Arkansas. The greater 
thickness of the conglomerates in Alabama than in Arkansas implies greater 
orogeny in the Appalachian region and possibly greater thickening basinward, 
but does not imply that the formation would necessarily be much thicker than its 
conglomeratic portion. 

Another well section of unusual interest in petroleum exploration because it 
shows that southern Texas is underlain by Jurassic rocks like those in the Arkan- 
sas-Louisiana-East Texas area is here described by permission of the Gulf Oil 
Company. 


CRETACEOUS AND Jurassic Rocks Mexican Gutr Or. Company’s SAN Amsrosio No. 1, 
ABOUT 20 Kas. S. 50° E. of Camar6N, Nuevo LE6N, MExIco, AND 52 Kas. S. 45° W. OF 


Larepo, TEXAS 
Depth Thickness 
in Feet in Feet 


Cretaceous 

Buda limestone 

Del Rio formation 

Georgetown-Edwards limestone 


Glen Rose and older formations 
Shale, calcareous, black, interbedded with brittle, dark limestone. Core 
from depth of 5,646-5,651 feet contained Parahoplites, according to 
Limestone; hard; dense} brittle; dark —6, 390 390 
Shale, calcareous, black, interbedded with light to dark limestone. Shale is 
thinly laminated; between depths of 6,665 and 7,190 feet is mottled with 
limestone bodies; between 7,190 and 7,600 feet is very carbonaceous and 
Shale, calcareous, black, some dark gray marly limestone. Shalier than 
overlying division. Cores between depths of 7,997 and 8,012 feet furnished 
Bochianites, Hoplites, and Crioceras, according to Burckhardt........ —8 , 360 760 
Limestone, hard, brittle, black, has angular fracture; minute, finely dis- 
seminated pyrite crystals and mica flakes; black, calcareous shale in 
lower part. Same microfauna as foregoing division.................. —8 ,600 240 
Jurassic 
Shale, soft, carbonaceous, coal-black, contains many pelecypods and am- 
monites. Cores from depths of 8,699 to 8,700 feet and 8,857 to 8,876 feet 
furnished Kossmatia. Cores from 9,148 to 9,158 feet furnished Peri- 
sphinctes, according to Burckhardt. Many calcite crystals throughout.... ~-g,312 712 


Drilling jof the foregoing section was stopped [by a strong flow of hot, salt 
water. The specimens of Kossmatia show that the beds containing them are of 


upper Portlandian (late Jurassic) age. 
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The Cotton Valley formation rests disconformably on the Buckner formation 
along the western side of the East Texas basin, in southern Arkansas (Fig. 7), 
in the northernmost parishes of Louisiana as far west as Claiborne Parish, and in 
southwestern Alabama. Locally in southern Arkansas and northern Louisiana, 
it rests on the eroded surface of the Smackover formation, as in the Schuler and 
Atlanta fields of Arkansas.®* Its northern margin in Arkansas overlaps onto the 
Eagle Mills formation. The disconformity is indicated by conglomerates at the 
base of the Cotton Valley formation in Limestone and Hunt counties, Texas, 
at many places in southern Arkansas, in southwestern Alabama, and in the 
northern parishes in Louisiana. 

The time represented by the disconformity in northern Louisiana must have 
been a small part of a stage as shown by fossils in the Cotton Valley and Smack- 
over formations, but probably became considerably greater northward in Arkan- 
sas where it was sufficient for considerable erosion of the northern margins of 
the Buckner and older Jurassic formations and for removal of the Buckner forma- 
tion from some localities south of ,its present northern margin. Coincidence of 
those localities with the tops of structural upwarps suggest that the upwarps 
had their inception at the time of the post-Buckner disconformity.®® This possi- 
bility is emphasized by the relationships shown by the Jurassic formations in 
the North Lisbon field of Claiborne Parish, Louisiana. In this field the records of 
a number of wells drilled by the Union Producing Company have furnished ex- 
cellent evidence of diastrophic movements involving considerable faulting that 
began in post-Buckner time and terminated before the end of Cotton Valley 
time. Five wells spaced within 2 miles of each other (Figs. 6 and 8) penetrated the 
top of the Cotton Valley formation at about the same depth and have essentially 
the same section throughout the upper 1,800 to 2,000 feet of the formation down 
to the base of a pebbly sandstone that is generally called the “Sexton sand- 
stone.’’’® Below this sandstone the sections of the various wells show remarkable 
differences that can most easily be explained by faulting accompanied by dif- 
ferential movements of the sea bottom during early Cotton Valley time. The re- 
lationships between the Jurassic formations in these wells is shown on the follow- 
ing table taken from an unpublished report by Roy T. Hazzard and B. W. Blan- 
pied, of the Gulf Refining Company. 

Studies of the cores of the McDonald well and the Meadows A-1 well show 
that those of the Meadows well are apparently without dip, whereas those of the 
McDonald well have strong dips in the lower part of the Cotton Valley and under- 


68 Weeks, op. cit., p. 967. 

K. A. Schmidt, Weldon Cartwright, and E. B. Stiles, “Atlanta Field, Columbia County, Arkan- 
sas,’’ Guide Book 14th Ann. Field Trip Shreveport Geol. Soc. (1939), p. 16. 

69 Warren B. Weeks and Clyde W. Alexander, “Schuler Field, Union County, Arkansas,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 26 (1942), pp. 1475, 1495-97. 

70 This usage is purely informal. Naming of the various members of the Cotton Valley formation 
will be done formally at a later date by Fred M. Swain of the Phillips Petroleum Company after com- 
pletion of a detailed lithologic study of the formation. 
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RELATIONSHIPS OF JURASSIC FORMATIONS IN NortH LisBon FIELD 


Meadows Duke Morrow | Meadows | McDonald 


Unit A-1 | Unitr | Unitr | UnitB-r| Unit 1 
Elevation 242 277 316 290 322 
Top Cotton Valley fm. 7,343 or 7,448 7,424 7,460 7,491 


7,416 


Base of “Sexton gravelly sandstone” 9,170 9,563 9,370 9,598 9,583 


Top Buckner fm. Probably | Absent 10,387 10,062 11,470 
absent 
Top Smackover fm. 10, 248 TT, 123 10,600 10,227 11,803 
Top Eagle Mills fm. 11,829 11,452 Not Not Not 
reached | reached | reached 
Total depth . 11,834 11,455 10,924 10,546 12,591 
Fault contact 10, 248 115123 10, 387 10,062 None 
Section displaced by faulting 993 1,904. 888 1,584 None 
Thickness Cotton Valley fm. above} 1,827 2,115 1,946 2,138 2,092 
Sexton sd. 
Thickness Cotton Valley fm. below] 1,078 1,560 1,017 464 1,887 
Sexton sd. 


lying formations. Steep dips occur in the Smackover formation at depths of 
12,076 to 12,086 feet, dips of at least 20° in the Buckner formation at depths 
of 11,669 to 11,673 feet, steep dips in the Cotton Valley formation at depths of 
10,999 to 11,015 feet, dips of about 10° at depths of 10,949 to 10,955 feet and no 
apparent dips at depths of 8,165 to 8,185 feet. The top of the Cotton Valley for- 
mation is at approximately the same level in both wells. 

The geologists of the Arkansas-Louisiana-East Texas area believe that the 
relationships between the Jurassic sections in the wells of the North Lisbon 
field constitute proof of major faulting in early Cotton Valley time before dep- 
osition of the “Sexton gravelly sandstone,” that little, if any, faulting occurred 
after that time, and that faulting has resulted in the Cotton Valley formation 
being brought in contact with various parts of the Buckner and Smackover 
formations. It is generally agreed that the section in the McDonald well is nor- 
mal and the sections in the other wells are shortened by faulting. It seems likely 
that the faulting was caused by movement of salt masses, but, if so, movement 
was induced by a rather light overburden and ceased after Cotton Valley time, 


_as shown by the sections of the younger formations. 


The contact between the Cotton Valley formation and the overlying Hosston 
formation is readily recognized in Texas, Arkansas, and Louisiana, but still un- 
certain in southwestern Alabama. Conglomerates at the base of the Hosston 
formation’in Limestone County, Texas, and in Little River, Hempstead, Nevada, 
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and Ouachita counties, Arkansas, suggest the existence of an unconformity. No 
evidence of an unconformity has been observed in northern Louisiana, where, 
apparently, deposition was continuous from Jurassic into Cretaceous time. Evi- 
dently the disconformity between the Hosston and Cotton Valley formations was 
much less important than that between the Cotton Valley and Buckner forma- 
tions. 

Correlation—The Cotton Valley formation is definitely Upper Jurassic in 
age. Its recorded fauna (Table IV) is mainly from the lower part of the forma- 
tion and shows that that part represents the Kimmeridgian stage. Evidence for 
this age determination consists of the presence of (1) middle Kimmeridgian 
ammonites, (2) the Kimmeridgian pelecypod, Aulacomyella, (3) several pelecy- 
pods identical with species of Argovian or Kimmeridgian age in Mexico and in 
the Malone Mountains of western Texas, and (4) many species closely comparable 
to European species of Kimmeridgian age (Table V). 


TABLE V 
COMPARISON OF Fossits FRoM CoTTON VALLEY FORMATION 


Species from Cotton Tbe wg formation Similar or Identical Species Range and Occurrence of Similar or 
of Gulf Region Elsewhere Identical Species Elsewhere 
Trigonia caideroni (Castillo and Aguilera) | 7. calderoni (Castillo and Aguilera). Argovian-Kimmeridgian. . 
j est Texas 
Trigonia cf. T. vyschetskit Cragin........ T. vyschetzkit Cragin. ............ Kimmeridgian.......... Mexico and 
West Texas 
Ostrea (Catinula) broughtoni Imlay...... . O. alimena Cossmann .......... Europe 
Exogyra cf. E. virgula (Defrance)........ E. virgula (Defrance)............ | Kimmeridgian.......... Europe 
a P. tamaulipana Imlay............ | Kimmeridgian.......... Mexico 
Pseud tis dur P. durangensis Imlay............! Argovian-Kimmeridgian..| Mexico 
Anlecompelle A. problematica Furlani........... Kimmeridgian.......... Dalmatia 
Astarte breviacola Cragin. ............+. A. breviacola Cragin............. Kimmeridgian.......... West Texas 
Astarte aff. A. calfnent P. de Loriol. . A. valfinensis P. de Loriol........ Kimmeridgian.......... Europe 
Tancredia texana Imlay................ T. astarteformis Cox............. Kimmeridgian.......... England 
Corbicella? cf. C. pond (J. de C. Sowerby) C. laevis (J. de C. Sowerby). . England 
Metahaploceras cf. M. nereus (Fontannes).| M. mereus (Fontannes)........... ‘| Kimmeridgian.......... Europe 
Idoceras cf. I. durangense Burckhardt....| I. durangense Burckhardt......... | Basal mid. Kimmeridgian.| Mexico 
Idoceras cf. I. lorioli Burckhardt........ I. loriolti Burckhardt............. | Basal mid. Kimmeridgian.| Mexico 
Idoceras cf. I. complanatum Burckhardt. .| I. complanatum Burckhardt....... Basal mid. Kimmeridgian.| Mexico 
Glochiceras fialar (Oppel)..............- Glochiceras fialar (Oppel)......... Basal mid. Kimmeridgian. | — and 
| exico 


Ammonites of middle Kimmeridgian age have been obtained from cores of the 
Phillips’ Kendricks No. 1, Sec. 22, T. 19 N., R. 11 W., Bossier Parish, Louisiana 
(Fig. 8). A collection from depths.of 7,654-7,664 feet contains a specimen of 
Metahaploceras very similar to M. nereus (Fontannes),” from the lower and 
middle Kimmeridgian of Europe. A similar species” occurs in the middle Kim- 
meridgian of Mexico. A collection from depths of 8,148-8,163 feet contains a 
faunule representing the basal middle Kimmeridgian and including Idoceras cf. 
I. durangense Burckhardt, Idoceras cf. I. lorioli Burckhardt, Idoceras cf. I. 
complanatum Burckhardt, Glochiceras cf. G. fialar (Oppel), Taramelliceras? sp., 
Haploceras sp., Physodoceras? sp., Lamellaptychus sp., Pteroperna? sp., fish scales, 


71 F, Fontannes, Description des ammonites des calcaires du Chateau de Crussol, Ardeche (1879), p 
39, Pl. 5, Fig. 5. 

” Carlos Burckhardt, ‘‘La faune jurassique de Mazapil avec un appendice sur les fossiles du cré- 
tacique inférieur,” Bol. Inst. Geol.'México, Nim. 23 (1906), p. 76, Pl. 16, Figs. 5-7. 
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and fish skull bones. Collections from depths of 8,279-94 feet and 8,377—92 feet are 
of lower Kimmeridgian age as shown by the association of Ataxioceras and Ido- 
ceras. These lower Kimmeridgian beds are considered to be the marine equiva- 
lents of the Buckner anhydrite and redbeds, but for mapping purposes probably 
should be included in the basal part of the Cotton Valley formation. 

The genus Aulacomyella is of considerable stratigraphic significance, as it 
has been recorded only from the middle Kimmeridgian and in Mexico it is associ- 
ated with Glochiceras fialar (Oppel) and species of the Idoceras durangense group 
that indicate the lower part of the middle Kimmeridgian.” The presence of 
Aulacomyella 730 feet below the base of the ‘‘Sexton” pebbly sandstone in the 
Union Producing Company’s Meadows A-1 in the North Lisbon field, Louisiana, 
and about 1,060 feet below the ‘‘Sexton”’ sandstone in the Phillips Petroleum 
Company’s Kendricks No. 1 in the Bellevue field, Louisiana (Fig. 8), strongly 
suggests that the “Sexton” sandstone is late Kimmeridgian, or more probably 
lower Portlandian in age, as in both wells it is overlain by more than 1,100 feet 
of younger beds that could account for upper Portlandian and Tithonian. It is 
probably significant that in northern Mexico pebbly sandstone is particularly 
common in the lower Portlandian. 

The species common to the Cotton Valley formation and the Upper Jurassic 
rocks of the Mexican Embayment include Trigonia calderoni (Castillo and 
Aguilera), Pseudomonotis durangensis Imlay, and Astarte breviacola Cragin. The 
first two species are known from beds of Argovian and Kimmeridgian age, and 
the latter species only from beds of Kimmeridgian age. Other species from the 
Cotton Valley formation are mainly comparable with species of Kimmeridgian 
age (Table V). One of the most significant of these species is a finely ribbed 
Exogyra apparently identical with EZ. virgula (Defrance), which in Europe is 
characteristic of the middle Kimmeridgian (Havrian) but ranges down through 
most of the lower Kimmeridgian (Sequanian). 

Few fossils have been obtained from the upper part of the Cotton Valley 
formation. One of these, Tancredia louisianensis Imlay, from 100 feet below the 
top of the formation at a depth of 9,759-9,770 feet in the Gulf Oil Company’s 
Goodpine No. 1 in Bienville Parish, belongs to the group of T. axiniformis,” 
which is rare above the Jurassic. Considering that the lower part of the Cotton 
Valley formation is of Kimmeridgian age, the assignment of the remainder of the 
formation to the latest Jurassic seems reasonable. 

The Cotton Valley is considered. equivalent to the La Casita formation 
(Tables I and VI) of Mexico.® They are similar lithologically, are apparently 


73 Carlos Burckhardt, “Etude synthétique sur le mésozoique méxicain,” Abh. Schweizer. Palaeont. 
Gesell., Bd. 49, 50 (1930), PP. 51, 67, 86, 99, 92, 96, 97. 

Imlay, of. cit. (1940b), p. 399. 

% 1. R. Cox, “Notes on the Mesozoic Family Tancrediidae, with Descriptions of Several British 
Upper Jurassic Species, and of a New Genus, Eodonax,” Annals and Mag. Nat. History, Ser. 10, Vol. 
3 (1929), P. 573. 

% R. W. Imlay, “Studies of the Mexican Geosyncline,”? Bull. Geol. Soc. America, Vol. 49 (1938), 
pp. 1683-87. 
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of the same age at their bases, and occupy the same stratigraphic position rela- 
tive to adjoining formations. The Malone formation is likewise similar to both 
of these in lithologic features and stratigraphic relationships. The thick gypsum 
mass at the base of the Malone formation near the Malone Hills directly underlies 
beds that bear ammonites of the genus Jdoceras. The identical relationship occurs 
at the base of the La Casita formation in the Sierra Madre Oriental south of 
Saltillo, Mexico. It is apparently duplicated again in the relationship of the 
Cotton Valley formation to the Buckner formation. 

A more distant correlation of the Cotton Valley may be made with the Mor- 
rison formation of the Western Interior. The underlying formations of the San 
Rafael group contain marine fossils which show that the group represents the 
early Upper Jurassic (Callovian to Argovian)” and is in large part equivalent to 
the Eagle Mills-Smackover-Buckner sequence of the southern United States. 
Therefore, the uplift that resulted in the terrestrial deposits of the Morrison 
formation must have begun in late Argovian or early Kimmeridgian time. This 
time marks, as nearly as can be determined, the beginning of uplift in the southern 
United States and in Mexico that resulted in the deposition of the Cotton Valley 
and La Casita formations, respectively. Therefore, all three formations are ap- 
proximately of the same age at their base. The duration of the Morrison formation 
cannot be determined, because of lack of marine fossils, but it probably represents 
much of late Upper Jurassic time. 

The post-Buckner uplift that formed highlands bordering the Cotton Valley 
sea was reflected not only by contemporaneous uplifts in Mexico and the Western 
Interior but by much stronger movements along the Pacific Coast and in Cuba. 
The Nevadian orogeny of the Pacific Coast, according to Taliaferro,’” began after 
early Kimmeridgian and was completed before upper Portlandian. In Cuba, an 
orogeny involving strong folding and metamorphism’ occurred after the Ar- 
govian, or perhaps the early Kimmeridgian, and was completed before upper 
Portlandian,’® Likewise, in the southern Appalachian region, high mountains 
were formed during Kimmeridgian time, judged by the great thickness and 
coarseness of the conglomerates in the Cotton Valley formation in southwestern 
Alabama. It seems logical to correlate the uplift of these mountains with the 
Palisade disturbance, which formed block mountains from Nova Scotia to the 
Carolinas sometime after the Upper Triassic and before the Upper Cretaceous. 
Thus, near the middle of Upper Jurassic time the North American continent was 


76 A. A, Baker, C. H. Dane, and J. B. Reeside, Jr., “Correlation of the Jurassic Formations of 
Parts of Utah, Arizona, New Mexico, and Colorado,” U.S. Geol. Survey Prof. Paper 183 (1936), pp. 9, 
58-63. 

77 N. L. Taliaferro, “Geologic History and Correlation of the Jurassic of Southwestern Oregon 
and California,” Bull. Geol. Soc. America, Vol. 53 (1942), pp. 102, 103. 

78 Roy E. Dickerson and W. H. Butt, “Cuban Jurassic,” Bull. Amer. Assoc. Petrol. Geol., Vol. 


19 (1935), P. 116. 
Charles Schuchert, Historical Geology of the Antillean-Caribbean Region (1935), pp. 496, 516, 517. 


79 R. W. Imlay, “Late Jurassic Fossils from Cuba and Their Economic Significance,”’ Bull. Geol. 
Soc. America, Vol. 53 (1942), pp. 1421-23, 1439. 
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elevated into mountains along its western and eastern margins and into high- 
lands locally in its interior. A gentle elevation of the interior of the continent 
drained the Sundance sea from the area of the United States and caused a tem- 
porary retreat of the waters of the Gulf of Mexico. Uplift throughout the conti- 
nent appears to have been nearly contemporaneous. The available evidence indi- 
cates that it began early in the Kimmeridgian and was complete by the upper 
Portlandian. 

Origin.—The basal conglomerates of the Cotton Valley formation of South 
Arkansas overlap the Buckner, Smackover, and Eagle Mills formations (Fig. 7). 
Coarsening and thinning of the formation near its northern boundary in Arkansas 
and its western boundary in eastern Texas indicate that the Cotton Valley sea 
was limited on the north by highlands in the region of the Ouachita Mountains 
and on the west by highlands in the Central Mineral region. The coarseness and 
composition of the conglomerates in Texas, Arkansas, and Alabama indicate that 
sources of materials were near by. The greater thickness and coarseness of the 
conglomerates in Alabama than elsewhere imply higher lands in the Appalachian 
region than farther west and constitute evidence that the Palisade disturbance 
was of late Jurassic age. It seems likely that the highlands in the southern United 
States west of Alabama were not extensive and that the sea extended inland be- 
tween the highlands, but probably not more than 30 to 50 miles beyond the pres- 
ent boundary of the Cotton Valley formation. A shallow water origin for the 
Schuler redbeds member is indicated by variegated beds, many wood fragments, 
thin seams of coal, and fresh- or brackish-water fossils. Similarly, a fairly shallow- 
water origin for the dark marine facies is indicated by the occurrence of Ostrea 
and Exogyra throughout. A very gently sloping coastal shelf is indicated by the 
great width of the Schuler redbeds facies and by the considerable distance that 
sands were carried from shore. In contrast to earlier Upper Jurassic time, it 
seems likely that the Cotton Valley sea was fed by many rivers draining the 
bordering highlands. Local differences in the thickness of the Cotton Valley 
formation in Arkansas and Louisiana suggests that many structures had their in- 
ception near the beginning of Cotton Valley time. The darker color of the Cotton 
Valley formation than that of the underlying and overlying formations suggests 
that the surrounding land masses had a more moist climate than previously in 
Upper Jurassic time or than later in early Lower Cretaceous time. 


NORTHERN MEXICO AND WESTERN TEXAS 


EARLY UPPER JURASSIC(?) REDBEDS 


Distribution and thickness—Redbeds of probable early Upper Jurassic age 
(Fig. 12) underlie Upper Jurassic marine beds (1) in the Villa Juarez uplift, about 
8 miles west of Torreén, Durango,®*° (2) in the Sierra de la Ventura, about 6 miles 


8 Lewis B. Kellum, “Geology of the Mountains West of the Laguna District,” Bull. Geol. Soc. 
America, Vol. 47 (1936), pp. 1061-63. 
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southwest of La Ventura, southeastern Coahuila,*' (3) in the Sierra de Catorce, 
San Luis Potosi,® and (4) at several places in the Sierra Madre Oriental, southern 
Nuevo Leén and southwestern Tamaulipas.® Possibly of the same age are the red 
sandstones and conglomerates disconformably overlying Upper Triassic beds near 
Zacatecas City, Zacatecas.™ 

Redbeds in the Villa Juarez uplift west of Torreén are estimated® to be 500 
to 1,000 feet thick but their base is not exposed. Their complete thickness in the 
Sierra de Catorce® is about 600 feet; near Peregrina, Tamaulipas, about 700 
feet;*’ near Miquihuana, Tamaulipas, at least 820 feet;8* and near Mesquital, 
Nuevo Leén, only 330 feet. 

Stratigraphic and lithologic features—The redbeds of the Villa Juarez uplift 
of eastern Durango, according to Kellum,®® consist of 500 to 1,000 feet of ande- 
sitic lava with which are interbedded considerable red shale and fine-grained 
sandstone derived mostly from the lava. They are folded concordantly with the 
overlying Upper Jurassic rocks, but a disconformable relationship is shown by 
the conglomerate at the base of the overlying La Gloria formation, consisting 
mainly of materials derived from the redbeds. 

Only about 20 feet of redbeds are exposed beneath Upper Jurassic limestone 
in the Sierra de Ventura, southeastern Coahuila. These consist of red shale, sand- 
stone, and conglomerate. The conglomerate consists in part of yellowish quartzite 
but mainly of angular pieces of red shale and sandstone, of which some are as 
much as a foot in diameter.®° The size and shape of the conglomeratic materials 
suggest that the Upper Jurassic sea advanced so rapidly that it reworked the 
surface of the redbeds only slightly. 

The redbeds of the Sierra de Catorce, San Luis Potosf, consist of sandstone, 
shale, and some conglomerate that rest with pronounced angular unconformity 
on a thick sequence of partly metamorphosed detrital sedimentary rocks and are 


81 R. W. Imlay, “Studies of the Mexican Geosyncline,” zbid., Vol. 49 (1938), p. 1659. 
8 Carlos Burckhardt, “Etude synthétique sur le mésozoique méxicain,” Abh. Schweizer. Palacont. 
Gesell., Bd. 49-50 (1930), pp. 77, 78. 


8 Tbid., pp. 85-89. 
R. W. Imlay, “Lower Neocomian Fossils from the Miquihuana Region, Mexico,” Jour. Paleon., 


Vol. 11 (19378), PP. 553-56. 
% Burckhardt, op. cit., p. 3. 
8 Kellum, of. cit., p. 1062. 


86 C. L. Baker, “General Geology of the Catorce Mining District,” Trans. Amer. Inst. Min. Met. 
Eng., Vol. 66 (1922), p. 44. 


87 John M. Muir, Geology of the Tampico Region, Mexico, Amer. Assoc. Petrol. Geol. (1936), p. 8. 
88 Imlay, op. cit. (19374), p. 556. 


89 Lewis B. Kellum, of. cit., pp. 1062, 1065. 


rs R. W. Imlay, “Studies of the Mexican Geosyncline,” Bull. Geol. Soc. America, Vol. 49 (1938), 
p. 1659. 
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overlain gradationally by the Upper Jurassic Zuloaga limestone. The generalized 
section” from top to bottom is as follows. 

3. Shales, marly, below and calcareous marls with thin interbeds of limestone above; grades up- 
ward into limestone; color gray, weathering pinkish or yellowish. Its thickness is perhaps 100 
feet (30.5 m.). 

2. Sandstone, argillaceous, below, and shales, arenaceous, above; irregularly colored green, purple, 
brown or yellow. ... Its thickness is about 400 ft. (122 m.). 

1. Conglomerate, purple, green or brown, coarser below and finer above; the water worn pebbles 
are chiefly quartz, of the underlying metamorphic series, and crystallines. The matrix is 
mostly quartz sand, firmly cemented. The conglomerate forms a prominent bench in the 
cafién walls. Its thickness is at least 100 ft. (30.5 m.). 


The redbeds near Peregrina, Tamaulipas, according to Muir,” from top 
to bottom consist of (1) 200 feet of rather soft, fine-grained, red sandstone, (2) 
485 feet of partly arenaceous, medium-bedded red shale, and (3) 15 feet of basal 
conglomerate composed of quartz pebbles and fragments of underlying sandstone. 
They are described as overlying middle Permian shale and sandstone with slight 
angular unconformity and underlying Upper Jurassic limestone with consider- 
able angular unconformity. The basal conglomerate of the marine Upper Jurassic 
contains quartz pebbles and fragments of the underlying red sandstone. 

The redbeds near Miquihuana, Tamaulipas, consist of at least 820 feet of 
compact, micaceous, maroon shale, and some thin beds of sandstone and con- 
glomerate that are locally cross-bedded and cut by quartz veins. They are marked 
basally by a conglomerate that rests with angular unconformity on talc schist. 
They are overlain with angular unconformity by early Lower Cretaceous lime- 
stone, which has a basal conglomerate.” 

The redbeds near Mesquital, Nuevo Leon, consist of 330 feet of micaceous 
maroon shale that rests on igneous rock and is overlain by a basal conglomerate 
of the Upper Jurassic. 

Correlation.—The redbeds of northern Mexico have furnished no fossils and 
can be dated only as younger than middle Permian and older than the Argovian 
stage of the Upper (Jurassic. Concerning the redbeds of eastern Durango, Kel-. 
lum™ concluded that their concordant relationship with the overlying beds indi- 
cated no important period of diastrophism and they might, therefore, be regarded 
tentatively as of Jurassic age. 

In the Penegrina and Miquihuana areas of Tamaulipas the angular dis- 
cordances at both the top and bottom of the redbeds suggest that they were 
folded after orogeny in the late Paleozoic and before the middle of the Upper 


1 C, L. Baker, op. cit. (1922), p. 44. Section quoted in reverse order. 


9 John M. Muir, of. cit., pp. 7-9. 
Arnold Heim, “The Front Range of Sierra Madre Oriental, Mexico, from Ciudad Victoria to 
Tamazunchale,” Ecologae Geol. Helvetiae, Vol. 33, No. 2 (1940), p. 318. 


% Imlay, op. cit. (19374), p. 556. 


% Lewis B. Kellum, oP. cit., p. 1063. 
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Jurassic. Heim® considered them to be older than Upper Jurassic and he says, 


Some geologists have considered them to be Upper Jurassic. According to our observa- 
tions, however, the Red Beds in the Victoria Range must be older. They consist of: (1) Red 
clay-shale, more or less sandy, with occasional layers of sandstone and conglomerate; 
(2) Red conglomerate (15 m. thick), well exposed on the road west of Huizachal. On the 
Peregrina Trail it is about 30 m. thick and is badly crushed. The pebbles of gneiss and 
other metamorphic rocks attain the size of one’s head. The crushing seems to have de- 
veloped along the unconformity above the Red Beds, plainly visible west of Peregrina .. . 
The dip is o-30° higher than in the overlying Novillo Beds . . . This unconformity explains 
the local absence of the conglomerate at El Nacimiento, about a mile west of Peregrina, 
where the red shale is found in contact with the Novillo Beds, both standing nearly verti- 
cally. It also explains the local reduction here of the Red Beds to less than 50 m. 


It seems to the writer that the steep dips of the redbeds and the crushing 
of the conglomerate at the base of the Upper Jurassic Novillo limestone could 
have been produced by overthrusting of the limestone after Cretaceous time 
rather than by folding previous to Upper Jurassic time. Nothing shown in the 
structure section® of the Peregrina and Miquihuana areas precludes the possi- 
bility of overthrusting. It would be an exceptional orogeny that would produce 
steeply tilted redbeds at two localities and leave them folded conformable with 
the overlying marine Jurassic beds at the near-by localities of Novillo Cafién, 
Huizachal, and Mesquital, as well as everywhere else in Mexico. Furthermore, 
Baker®’ has mentioned the occurrence of overthrust sheets with a lateral dis- 
placement as much as four miles in the mountains northwest of Ciudad Victoria 
and has noted that although the redbeds are 
apparently more greatly deformed than overlying beds... , thrust movements have, 
however, introduced complications and a large amount of careful work on the mountain 
stratigraphy must yet be done before we can be sure of the exact stratigraphy of strata 
older than the Kimmeridgian. 


Consideration of the stratigraphic occurrences of redbeds in southern Mexico” 
shows that various kinds of redbeds were deposited at various times from the 
Rhaetic stage of the latest Triassic to the Divesian stage of the early Upper 
Jurassic. Possibly the redbeds of northern Mexico were accumulating during that 
entire time, but the most favorable time appears to have been the early Upper 
Jurassic, because, lithologically similar redbeds associated with salt occur at the 
base of the Upper Jurassic near Chinameca, Veracruz, in southern Mexico. Cor- 
relation of the redbeds of northern Mexico (Table VI), at least in part, with the 
Eagle Mills redbeds of the southern United States is suggested by their very 


% Arnold Heim, op. cit. (1940), p. 318. 

% Heim, op. cit., Fig. 10 on p. 351, Pl. 17. 

97 C. L. Baker, ““Panuco Oil Field, Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 12, No. 4 (1928), 
PP. 409, 424. 


98 Burckhardt, op. cit. (1930), pp. 43, 165. 
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similar lithologic characteristics and by their stratigraphic position between 
marine beds of late Paleozoic age and middle Upper Jurassic age. 

Origin.—A continental rather than a marine origin for the redbeds of northern 
Mexico is indicated by their complete lack of fossils and by some cross-bedded 
sandstones. However, deposition of some of the beds in shallow water is suggested 
(1) by the presence of a basal conglomerate in all sections where the base has been 
observed, (2) by the intimate association of andesitic lavas with red shales and 
red sandstones derived chiefly from the lavas in the Villa Juarez uplift of eastern 
Durango and (3) by the gradational relationship of redbeds to the overlying 
Zuloaga limestone in the Sierra de Catorce. The thickness of the redbeds indi- 
cates considerable sinking of the Mexican geosyncline. If future field work shows 
that the redbeds pass southward into the salt deposits of southern Mexico, then 
part of them must have accumulated in highly saline waters. Wherever the over- 
lying Upper Jurassic marine beds are marked by a basal conglomerate, the upper 
part of the redbeds must be of terrestrial origin, or have been subjected to erosion 
before deposition of the marine beds. 


EARLY UPPER JURASSIC LA GLORIA, ZULOAGA, AND NOVILLO FORMATIONS 


Definitions —The La Gloria formation was defined®’ to include nearshore 
deposits of early Upper Jurassic age lying between redbeds below and the La 
Casita formation above. At its type locality in Cafién Mimbre, about 32 miles 
east-southeast of Parras, Coahuila,'®° the formation is characterized by sandstone 
and conglomerate, although consisting mainly of thick- to medium-bedded lime- 
stone. At some localities, as in the Villa Juarez uplift of eastern Durango, it con- 
sists mainly of sandstone and conglomerate. 

The Zuloaga limestone" is the offshore equivalent of the La Gloria formation 
from which it is distinguished by the absence of sandstone and shale. Its type 
locality is the Sierra Sombreretillo north of Melchor Ocampo, northern Zaca- 
tecas. 

The Novillo formation was defined by Heim'® for 50 to 100 meters (165 to 
330 feet) of calcareous marine sediments overlying redbeds and underlying the 
gypsiferous Olvido formation of late Upper Jurassic age in Novillo Cafién and 
near-by areas in southwestern Tamaulipas. It consists mainly of light to dark 
gray, medium- to thick-bedded limestone but contains a little reddish, greenish, 
and yellowish sandstone and shale and has a basal conglomerate ranging in thick- 


oR. W. Imlay, “Geology of the Western Part of the Sierra de Parras,”’ Bull. Geol. Soc. America, 
Vol. 47 (1936), p. 1105. 
, “Studies of the Mexican Geosyncline,”’ ibid., Vol. 49 (1938), pp. 1677, 1679. 

100 R, W. Imlay, “Geology of the Middle Part of the Sierra de Parras, Coabuila, Mexico,” Bull. 
Geol. Soc. America, Vol. 48 (1937b), pp. 599, 600 


10 R. W. Imlay, of. cit. (1938), pp. 1657, 1679. 


102 Arnold Heim, “The Front Ranges of Sierra Madre Oriental, Mexico, from Ciudad Victoria to 
Tamazunchale,” Ecologae Geol. Helvetiae, Vol. 33, No. 2 (1940), pp. 319, 320. 
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ness from a few to more than 50 feet. As it is lithologically very similar to the 
Zuloaga limestone, occupies the same stratigraphic position, and was not ade- 
quately defined until 1940, the writer considers that its name should be abandoned 
in favor of Zuloaga. 

Distribution and thickness——The La Gloria formation has been identified 
only in eastern Durango and southern Coahuila but probably has an extensive 
distribution around the northern margin of the Mexican geosyncline (Fig. 13). 
It attains a thickness of at least 600 meters (1,970 feet) near San Pedro del Gallo 
in east-central Durango, 2,395 feet in the Villa Juarez uplift of eastern Durango, 
at least 1,930 feet in the Sierra Jimulco of southwestern Coahuila, at least 1,000 
feet in the western part of the Sierra de Parras of southern Coahuilla, and at 
least 1,860 feet in the middle part of the Sierra de Parras. The only complete 
section at any of these localities is in the Villa Juarez uplift. 

The Zuloaga limestone has a much more extensive distribution than the La 
Gloria formation. It is the main mountain-forming limestone in northern Zaca- 
tecas, southeastern Coahuila,'!™ and northern San Luis Potosf. It outcrops in the 
larger anticlinal uplifts of the Sierra Madre Oriental from the region of Saltillo 
and Monterrey southward to southern Nuevo Leén and southwestern Tamauli- 
pas.!% Thick-bedded limestone occupying the same stratigraphic position as the 
Zuloaga limestone occurs in the Huasteca region of northwestern Veracruz and 
eastern Hidalgo. Probably the Zuloaga limestone has a wide distribution in 
both northern and southern Mexico. 

Few sections of the Zuloaga limestone have been measured. In the Sierra 
Sombreretillo north of Melchor Ocampo, Zacatecas, its incomplete thickness is 
1,800 feet. Forty-five miles southeast in the Sierra de la Ventura its complete 
thickness is 1,200 feet. In the Sierra de Catorce, northern San Luis Potosi, its 
thickness is about 1,000 feet. In the mountains southeast of Saltillo the exposed 
part of the formation is hundreds of feet thick. Farther south in the Sierra Madre, 
southern Nuevo Ledn and southwestern Tamaulipas, the formation is much 
thinner, reported thicknesses ranging from about 175 to 340 feet.!% These thick- 
nesses show that the Zuloaga limestone is not as thick as the La Gloria formation 
and becomes thinner toward the south. 

Stratigraphic and lithologic features—The La Gloria formation is character- 
ized by sandstone and conglomerate, which in some sections is interbedded with 
considerable medium- to thick-bedded limestone but contains almost no shale. 
The following sections illustrate the formation and furnish intéresting com- 
parisons with the Smackover formation of northern Louisiana. 


103 Tmlay, op. cit. (1938), p. 1657. 
104 Emil Bose, “Vestiges of an Ancient Continent in Northeast Mexico,” Amer. Jour. Sci., 5th 
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La Goria FoRMATION ON NorTH WALL OF CANON MimprE, ABOUT 32 MitEs East-SOUTHEAST OF 
PARRAS, IN SIERRA DE PARRAS, SOUTHERN COAHUILA!7 
Unit Feet 
1. Limestone, thick-bedded (beds 1 to 6 feet thick), dark gray, a few beds of dark brown 
chert about one inch thick. Contains a 10-inch bed of dark gray sandstone 36 feet from 


top and an 8-inch bed of gray sandstone 20 feet from top... 247 

2. Limestone, thick- to medium-bedded, medium gray to dark gray................0.. 270 
3. Limestone, thick- to medium-bedded, gray to yellowish gray, contains scattered frag- 

5. Sandstone, light yellow, thin- to thick-bedded (beds range from 2 inches to 2 feet in 

7. Sandstone, yellow; several a beds of yellowish limestone near top..................2.- 82 

8. Limestone, thick- bedded, yellow to grayish yellow, weathers grayish yellow.......... 13 
9. Limestone, thin-bedded, nodular, yellow, contains several thin beds of light yellow 

1o. Sandstone, brilliant, light yellow, calcareous, weathers brilliant reddish brown........ 33 
ii: — thin- to medium-bedded, yellow and gray, surfaces much pitted by weather- 

13. Limestone, thin-bedded, grayish yellow, contains fragments of pelecypod shells. ...... 20 

14. Sandstone, thin- to thick-bedded, yellow; thicker beds conglomeratic and cross-bedded. 85 

15. Limestone, thick-bedded, dark to light gray, compact, some beds with shell fragments. . 264 

18. Sandstone, yellow, interbedded with thin beds of grayish yellow limestone........... 85 


The base of the formation is not exposed in Cafién Mimbre. Its top is overlain 
by conglomeratic sandstone marking the base of the La Casita formation. 


La GtorrA ForMATION IN CANON TARAISES, ABOUT 12 MILES WEST-SOUTHWEST OF PARRAS, 
IN SIERRA DE PARRAS, SOUTHERN COAHUILA! 
Unit Feet 
1. Sandstones, thick- and medium-bedded, light yellow, weathers reddish yellow; beds range 
. Limestone, medium-bedded, light grayish yellow, contains internal molds of a pelecypod. . . 8 


2 
3. Sandstones, thin- to medium-bedded, hard, light yellowish gray to greenish yellow, weathers 
4. Sandstone, thin-bedded, hard, light grayish yellow, weathers reddish yellow............. 230 
Bs Sandstone, i in beds 6 inches to 4 feet thick, consists of grayish white quartz, spotted with 
7. Sandstone, thick-bedded, hard, dark gray; contains well rounded pebbles of sandstone, some 
as much as 3 inches in diameter, and smaller pebbles of gray and brown chert......... 20 
8. Sandstone, hard, beds from 1 to 3 feet thick, dark gray, weathers dark gray to yellowish 
gray. Beds of gray limestone, about 1 foot thick, Bt VAIS 265 
. Limestones, thick-bedded, medium-gray to nearly black, contain nodules of gray chert, 
weather light to dark gray, splashed with yellow. The beds range from 1 to 8 feet in thick- 


The base of the formation is not exposed in Cafién Taraises. Its top is over- 
lain by carbonaceous shales of the La Casita formation, which contains a few 


seams of coal. 
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An incomplete section of the La Gloria formation’ in the eastern part of the 
Sierra Jimulco of southwestern Coahuila consists of an upper division of inter- 
bedded sandstone and limestone about 492 feet thick and a lower division of 
thick- to thin-bedded limestone about 1,440 feet thick. The entire thickness of 
1,932 feet contains only about 100 feet of shaly beds, of which 52 feet are sandy 
shale, 20 feet are fissile shale, and the remainder are shaly sandstone and shaly 
limestone. The abundance of sandstone near the top of the formation is similar 
to that in the section in Cafién Taraises of the Sierra de Parras and contrasts 
with the paucity of sandstone in the section in Cafién Mimbre. The sandstones 
in all these sections are similar to, or identical with, sandstones in the La Gloria 
formation of the Villa Juarez uplift here described. 


LA GrortA FoRMATION IN VILLA JUAREZ UPLIFT OF EASTERN DURANGO, 
ABOUT 12 MILES SOUTHWEST OF TORREON, COAHUILA"? 
Unit D of Kellum Feet 
Sandstone, thick-bedded, white to light gray, flecked with limonite, some beds conglomer- 
atic; a few beds of greenish, gray, or brown sandstone or shale; thin units of limestone 
Unit E of Kellum 
Sandstone and arkose with somé conglomerate. ..............0cccccsccccecsccccsees 298 
Conglomerate of gray and red sandstone, gray limestone, and red lava resting on red shale 
and red lava. Pebbles and cobbles up to 3 inches in diameter. Locally absent........ 10 


The Zuloaga limestone is generally very thick-bedded. Beds from 3 to 5 feet 
thick are common, and some are as thick as 10 feet. The dominant color is dark 
gray, but some beds in the lower part of the formation are light gray, or less 
commonly yellowish or pinkish. A few black chert nodules occur in the upper 20 
feet of most sections throughout north-central Mexico.” In the Sierra Madre 
Oriental of southern Nuevo Leén and southwestern Tamaulipas the limestone 
contains minor amounts of red and green shale and red sandstone," and limonitic 
beds (equals Novillo formation of Heim). Locally, some beds contain poorly 
preserved pelecypods, gastropods, and corals. The gastropod Nerinea is the most 
prevalent fossil and has been used to designate the formation. The Zuloaga lime- 
stone may be differentiated from the Lower Cretaceous limestones by being 
darker, thicker-bedded, and generally more cut by calcite veinlets. 

The base of the Zuloaga and the La Gloria formations, wherever observed, 
rests on redbeds and is generally marked by a conglomerate. A basal conglomerate 
has been observed in the Villa Juarez uplift of eastern Durango, in the Sierra 


109 Tmlay, op. cit. (1938), pp. 1680, 1681. 
110 Kellum, op. cit., pp. 1056, 1057, 1065, 1066, Pl. 13. 
11 Tmlay, op. cit. (1938), pp. 1658, 1659. 
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de la Ventura of southeastern Coahuila, near Mesquital in southern Nuevo Leén, 
and near Peregrina and Huizachal in southwestern Tamaulipas. The conglomer- 
ate in each section is composed of materials derived partly from the underlying 
redbeds and partly from igneous and sedimentary rocks in near-by areas. The 
thickness of the conglomerate generally does not exceed 10 to 15 feet, but near 
Mesquital, Nuevo Leon, attains 165 feet." 

Correlation—The upper parts of the Zuloaga and La Gloria formations be- 
long definitely to the Argovian substage of the Oxfordian, on the basis (1) of 
Oxfordian ammonites found near San Pedro del Gallo and Villa Juarez in eastern 
Durango and (2) of Kimmeridgian fossils in the lower part of the overlying La 
Casita and La Caja formations. 

In the Cerro del Volcan near San Pedro del Gallo, Durango, about 600 meters 
(1,968 feet) of sandstones and limestones, typical of the La Gloria formation, are 
overlain by 150 to 300 meters (492 to 984 feet) of varicolored shales, maris, and 
limestones containing upper Oxfordian (Argovian) ammonites.“ These are 
overlain with apparent transition by black shales typical of the La Casita forma- 
tion, which basally contains beds of coal and early middle Kimmeridgian am- 
monites of the group of Jdoceras durangense. As elsewhere in northern Mexico, no 
lower Kimmeridgian older than the Jdoceras beds was found. Burckhardt divides 
the varicolored beds containing Argovian ammonites into two parts. The lower 
part consists of red and green shale and marl alternating with gray and green 
limestones. It contains ammonites"® that Burckhardt! and Spath"’ place in 
the zone of Peltoceras transversarium of the upper Argovian. The upper part 
consists of gray, brown, and black, sandy shale and marl, and some limestone con- 
cretions. It contains ammonites that Burckhardt places in the zone of Pelto- 
ceras bimammatum of the latest Argovian. 

The writer suggests that these varicolored beds near San Pedro del Gallo be 
considered a member of the La Gloria formation, as that formation near Villa 
Juarez, Durango, and elsewhere includes varicolored beds, whereas the La Casita 
formation is dominantly dark-colored, particularly in its lower part. Also, the 
absence of lower Kimmeridgian ammonites at San Pedro del Gallo possibly 
signifies the presence of a disconformity. 

Near Villa Juarez, eastern Durango, the La Gloria formation has furnished 


3 R, W. Imlay, “Upper Jurassic Ammonites from Mexico,” Bull. Geol. Soc. America, Vol. 50 
(1939), Pp. 16. 

114 Carlos Burckhardt, ‘‘Estudio geolégico de la regi6n de San Pedro del Gallo, Durango,”’ Inst. 
Geol. México, Parergones, Tomo III, No. 6 (1910), pp. 310-12. 
, “Faunes jurasiques et crétaciques de San Pedro del Gallo (Etat de Durango, Mexico),” 
Inst. Geol. Mexico. Bol. 29 (1912), pp. 203, 204, 209-13. 
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some fragments of large ammonites,"® which have been referred'!® provisionally 
to Pseudopeltoceras?, Subgrossouvria? and Indosphinctes? of Divesian age. How- 
ever, the forms referred to Subgrossouvria resemble the outer whorls of the Argo- 
vian genus Perisphinctes, in the strict sense, and the forms referred to Indo- 
sphinctes are very similar to the upper Argovian genus Decipia. The Argovian 
age of these ammonites is likewise indicated by their position only 855 feet be- 
low the top of the La Gloria formation, whose upper part (150-300 meters) near 
San Pedro del Gallo, Durango, contains ammonites of upper Argovian age. 

It seems likely that the upper limit of the Zuloaga and La Gloria forma- 
tions represents the same time throughout northern Mexico, as the lithologic 
change from these formations to the dark shaly deposits of the La Casita and La 
Caja formations is so marked and widespread that the cause of the change, 
whether orogenic or climatic, must have involved much more than the area of 
Mexico. That this time represents the end of the Argovian is indicated by the 
presence of latest Argovian ammonites near San Pedro del Gallo, and the absence 
to date of any lower Kimmeridgian ammonites older than the group of Idoceras 
balderum anywhere in northern Mexico. 

The Zuloaga and La Gloria formations appear to be almost exactly equivalent 
to the Smackover formation of the southern United States (Table VI). The La 
Gloria formation is very similar to the sandy facies of the Smackover formation 
of northern Louisiana but has less shale and is somewhat lighter in color. The 
Zuloaga limestone is similar to the non-odlitic part of the Smackover limestone 
of southern Arkansas. However, odlitic bodies have been noted in the La Gloria 
formation,'*° and coral and gastropod beds in the Zuloaga limestone. The re- 
markable similarity of these formations in so widely separated regions suggests 
that they were formed under nearly identical environmental conditions. 

Origin.—The La Gloria formation was deposited around the margin of the 
Coahuila Peninsula’ as lenses of sand and conglomerate interfingering seaward 
with nearly pure lime muds. The coarseness and thickness of the clastic ma- 
terials show the proximity of the land mass. Similar coarse deposits of early 
Upper Jurassic age may be expected wherever highlands bordered the Mexican 
geosyncline, but they have not yet been discovered. 

The Zuloaga limestone was formed not only as an offshore depend but also 
as a nearshore deposit wherever the bordering lands were low. Its uniform appear- 
ance throughout most, if not all, of the Mexican geosyncline indicates a uniform 
climate, few rivers emptying into the sea, and few highland areas such as the 
Coahuila peninsula. Its thick-bedded character and the presence of coral and 


US Kellum, of. cit., pp. 1056, 1066, Pl. 13. 
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gastropod beds were considered by Burckhardt'” as indicating deposition in 
warm, shallow, much agitated waters. He interpreted the marly intercalations 
in the limestone as indicating periodic sinking of the geosyncline, but they might 
as reasonably be interpreted as indicating minor climatic variations. The thinning 
of the formation from about 1,800 feet in northernmost Zacatecas to 1,000 feet 
in northern San Luis Potosi and less than 400 feet in southwestern Tamaulipas 
shows that the main source of sediments was on the north. 


LATE UPPER JURASSIC LA CASITA, LA CAJA, MALONE, AND OLVIDO FORMATIONS 


Definitions —The La Casita formation includes nearshore clastic, carbona- 
ceous, and gypsiferous beds of late Upper Jurassic age above the La Gloria forma- 
tion (or Zuloaga limestone) of early Upper Jurassic age and below Lower Cre- 
taceous beds. Its type locality is the Cafién de la Casita, about 30 miles south- 
west of Saltillo.!% It grades basinward into less clastic, thin-bedded limestone, 
marl, and shale called the La Caja formation, whose type locality is the Vereda 
del Quemado on the Sierra de la Caja, north of Mazapil, Zacatecas.'4* The La 
Casita and La Caja formations are very readily differentiated from the adjoining 
formations by an abundance of carbonaceous and bituminous material and by 
the sharp demarcation of their contacts in most sections. 

The Malone formation’ has been considered by the United States Geological 
Survey to include the rocks in Malone Mountain and in the hills north and east 
of Malone (Torcer) station in Hudspeth County, Texas. Adkins! and Albrit- 
ton'?’ have restricted the formation to include only rocks of Jurassic age. How- 
ever, fossil evidence!*® for Lower Cretaceous rocks in the area defined is inade- 
quate, in the opinion of the writer. The only positive evidence of age is furnished 
by the late Upper Jurassic ammonites representing the early middle Kim- 
meridgian and upper Portlandian stages. Until undoubted Lower Cretaceous 
fossils are found in Malone Mountains, it does not seem necessary to modify the 
concept of the Malone formation. 


122 Carlos Burckhardt, op. cit. (1930), pp. 71, 102. 
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The Olvido formation was defined by Heim’®® for the 50 to 300 meters (165- 
985 feet) of gypsum, limestone, dolomite, and variegated shale lying above the 
Novillo limestone of early Upper Jurassic age and below the Tamaulipas lime- 
stone of Lower Cretaceous age in the mountains west of Ciudad Victoria, Tamau- 
lipas. He says, 

No upper contact of the Novillo Formation was found. In Peregrina and Novillo 
Canyons, the Novillo Beds are separated from the Tamaulipas Limestone by a wide slope 
covered with boulders and “‘caliche” (surface-breccia), indicating a readily weathered sub- 
stratum. Only in the Huizachal region have outcrops been found. The road west of Huiza- 
chal exposes warped beds of yellow to orange-weathering limestone and dolomite with in- 
terbedded green, red, and violet clay and some sandstone. . . . East of Huizachal, in the 
wild canyon of the abandoned Olvido Ranch, the variegated clays show fresh exposures 
with big blocks of gypsum. Thus the general obscurity of this series at Novillo and 
Huizachal is explained. It is 50-300 m. thick. 

The writer nowhere found an exposure of the contact with the overlying Tamabra 
[Tamaulipas] ‘Limestone. In Peregrina Canyon, the lowest exposures of Tamaulipas 
Limestone seem to overlie the Gypsum Beds directly. The age is still problematical. 


Although Heim did not know the exact age of the Olvido formation, his 
subsequent discussion® shows that he did not intend the formation to include 
the overlying 13 to 20 feet of Jurassic beds containing upper Kimmeridgian and 
upper Portlandian ammonites.’ As the underlying Novillo formation is known 
from regional studies to be of Oxfordian age, it is evident that the Olvido forma- 
tion is of late Oxfordian or early Kimmeridgian age, or both. The Olvido forma- 
tion can usefully include the thick gypsiferous masses at the base of the La Casita 
formation in the Sierra Madre Oriental and adjoining areas in northern Mexico. 
As thus defined, its lithologic composition, stratigraphic position, and geographic 
relationship to former Upper Jurassic land masses is apparently identical with 
that of the Buckner formation of the southern United States. 

It is evident that all these names for the late Upper Jurassic sedimentary 
rocks of northern and eastern Mexico are unnecessary. As the Malone and La 
Casita formations are lithologically similar and occupy about the same time in- 
terval, their names might be considered synonymous, but such a determination 
will have to await detailed studies of the Jurassic of Chihuahua. Likewise, the 
nearshore La Casita formation corresponds with the Schuler member of the 
Cotton Valley formation, except that variegated beds are generally much less 
common; the offshore La Caja formation is remarkably like the typical dark shale 
facies of the Cotton Valley formation; and the gypsiferous beds of the Olvido 
formation are nearly identical with the Buckner formation. Other nomenclatural 
difficulties will arise when the Upper Jurassic rocks of the Rio Grande embay- 


29 Arnold Heim, “‘The Front Ranges of Sierra Madre Oriental, Mexico, from Ciudad Victoria to 
Tamazunchale,” Ecologae Geol. Helvetiae, Vol. 33, No. 2 (1940), p. 320. 
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ment of Texas and the Gulf region of northeastern Mexico are tested for oil, for 
there will be a different set of formation names applied to apparently identical 
sections on opposite sides of the International Boundary. 

Distribution and thickness—The La Casita formation has been identified 
(Fig. 13) near Placer de Guadalupe in east-central Chihuahua, near Villa Juarez 
in northeastern Durango, in the Sierras Jimulco, Parras, Atajo, and Yeso in 
southern Coahuila, in the Sierra San Marcos in central Coahuila, in the Sierra 
de Azul in east-central Coahuila, in the Mexican Gulf Oil Company’s San Am- 
brosio No. 1 in northern Nuevo Leén, and in the Sierra Madre Oriental from the 
region of Saltillo southward to southern Nuevo Leén and southwestern Tamau- 
lipas. Its thickness near Placer de Guadalupe is more than 1,500 feet, near Villa 
Juarez about 1,387 feet,! in Cafién Alamo near the eastern end of the Sierra 
Jimulco about 265 feet,’ in Cafién Taraises in the western part of the 
Sierra de Parras about 200 feet, in Cafién de la Casita in the middle part of the 
Sierra de Parras from 265 to 285 feet,’* in the Sierra Madre Oriental southeast 
of Saltillo from about 700 to 1,500 feet according to Bése’s estimates,’ near 
Mesquital, southern Nuevo Leén, about 820 feet,!*? and near Peregrina and 
Huizachal, southwestern Tamaulipas, from about 165 to 330 feet.1*8 

The La Caja formation has been identified in the Sierrita del Chivo in south- 
eastern Durango, in many mountain ranges in northern Zacatecas, in the Sierra 
de la Ventura, southeastern Coahuila, and in the Sierra de Catorce, San Louis 
Potosi. It will probably be found throughout much of the central part of the 
Mexican geosyncline. Its thickness ranges from 140 to 300 feet in most places but 
in the Sierra de Catorce is recorded? as about 1,400 feet. 

The Malone formation, according to present usage, includes only the beds 

‘in Malone Mountains and some near-by hills. According to Albritton™® it attains 
a thickness of 150 to 1,060 feet and thins markedly eastward, but this does not 
include the 630 feet of gypsum with interbedded limestone that Albritton as- 
signs to the Briggs formation and considers to be Permian in age. The writer 


12 Kellum, op. cit., p. 1067. 

13 Imlay, op. cit. (1938), p. 1683. 

14 Imlay, op. cit. (1936), p. 1110. 

13 Imlay, op. cit. (1937b), pp. 601, 602. 
136 Bose, op. cit. (1923), Pp. 199-209. 
187 Imlay, op. cit. (1939), p. 16. 


138 Burckhardt, of. cit. (1930), p. 88. 

Arnold Heim, ‘The Front Ranges of Sierra Madre Oriental, Mexico, from Ciudad Victoria to 
Tamazunchale,” Eclogae Geol. Helvetiae, Vol. 33, No. 2 (1940), pp. 320, 321. 

139 C, L. Baker, “(General Geology of Catorce Mining District,” Trans. Amer. Inst. Min. Met. 
Eng., Vol. 66 (1922), pp. 44, 45. 


40 Albritton, op. cit. (1938), p. 1761. 
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considers that this gypsum is probably equivalent to the Buckner formation of 
the Gulf region and is Upper Jurassic in age. 

The gypsiferous Olvido formation crops out, according to Baker,'! in the 
mountains west of Ciudad Victoria, Tamaulipas. It extends westward as a nearly 
continuous mass from the vicinity of Huizachal, Tamaulipas, almost to Doctor 
Arroyo, southern Nuevo Leon. It extends northward from the Col de Cardona 
on the route from Matehuala to Tula, Tamaulipas, to the region of Aramberri 
and Las Virgenes, Nuevo Leén. Its westward extent is about 50 miles, and its 
northward extent at least 75 miles, but it is locally absent near Miquihuana, 
Tamaulipas, where an island persisted during Upper Jurassic time. About 75 
miles northwest of Las Virgenes in west-central Nuevo Leén thick beds of white 
gypsum interbedded with shales, occupying the same stratigraphic position as 
the Olvido formation, occur in the Sierra de la Marta near Santa Clara and in the 
Sierra de las Pintas near Ciénega del Toro. As much of the Sierra Madre Orien- 
tal has not been studied even in reconnaissance, there may be many other occur- 
rences of Jurassic gypsum. 

The thickness of the Olvido formation is given by Heim™ as 50 to 300 meters 
(165-985 feet). Its thickness near Mesquital, Nuevo Leén, in a section measured 
by L. C. Reed and E. R. Silliman,™ is about 1,215 feet. 

Stratigraphic and lithologic features—The La Casita formation consists of 
conglomerate, sandstone, shale, marl, limestone, gypsum, and minor amounts of 
coal. It is characterized by carbonaceous shale and gypsum. The conglomerate 
consists of chert, quartz, and quartzite. The sandstone is commonly colored gray 
and yellow, or less commonly brown, and weathers red to reddish brown. It is 
locally cross-bedded. It occurs most commonly at the base of the formation be- 
neath beds of late lower Kimmeridgian age, or considerably higher stratigraphi- 
cally in beds of lower Portlandian age, but in some sections occurs throughout. 
Carbonaceous shale, locally containing coal, is particularly characteristic of the 
middle and upper Kimmeridgian. Marl and limestone, generally of gray to black 
color are uncommon. Gypsum occurs south of the Coahuila peninsula and in the 
Sierra Madre Oriental. It is most common in the lower part of the formation in 
association with pink, yellow, or gray shale, but may occur in minor amounts at 
higher levels. It has never been observed in beds of upper Portlandian or Ti- 
thonian age. Typical sections of La Casita formation are here given. 


41 Burckhardt, of. cit. (1930), p. 
C. L. Baker, review of Historical lies of the Antillean-Caribbean Region or the Lands Bordering 


the Gulf of Mexico and the Caribbean Sea, by Charles Schuchert, Bull. Amer. Assoc. Petrol. Geol., Vol. 
20 (1936), p. 498. 

12 Emil Buse, “Vestiges of an Ancient Continent in Northeast Mexico,” Amer. Jour. Sci., 5th 
Ser., Vol. 6 (1923), pp. 130, 202, 203. 

43 Arnold Heim, op. cit. (1940), p. 320. 

14 R. W. Imlay, “Upper Jurassic Ammonites from Mexico,” Bull. Geol. Soc. America, Vol. 50 
(1939), p- 16. 
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NEARLY COMPLETE SECTION OF LA CASITA FORMATION IN CANON DE LA CasiTA, 3 MILE Nortu oF 
La CASITA AND 32 MILEs SOUTHWEST OF SALTILLO, CoAHUILA™® 


Feet Inches 
Shales, black, papery to fissile, includes many short lenses of black limestone and dark 
gray arenaceous limestone; some thin beds of friable, gray sandstone in lower 10 feet; 
limestone concretions containing Kimmeridgian fossils occur throughout.......... 83 
Shales, mainly black, weather buff to gray, contain many belemnites............... 171 
Calcite; black, lostrous, resembles anthraconite. 4 
Sandstone, dark gray, friable, contains many brachiopods, pelecypods, and belemnites. 8 
Sandstone, conglomeratic, dark gray, weathers reddish brown, pebbles subangular, of 
chert and quartzite, average one-quarter inch in diameter....................6- 30 
285 


In Cafién Taraises in the western part of the Sierra de Perras, southern 
Coahuila, the La Casita formation consists of 180 feet of dark gray to black, 
fissile to papery, carbonaceous shale that contains some beds of coal and thin 
beds of yellow limestone and sandstone, overlain by 20 feet of thin-bedded to 
shaly, grayish yellow sandstone. Near the middle of the carbonaceous shale occur 
a few limestone concretions that contain middle Kimmeridgian species of Hap- 
loceras. 


CoMPLETE SECTION OF LA CASITA FORMATION IN CANON ALAMO, NEAR EASTERN END OF + 
SIERRA DE JimuLco, SOUTHERN CoAHuILA!? 


Feet 
Limestone, shaly, red; contains numerous ammonites of Tithonian age.................... I 
Limestone, shaly; contains ammonites of upper Portlandian age..................---0000 2 
Shale, with large ferruginous lime concretions at top. .........6...ccccccsccecessnecceces 27 
Shale, gypsiferous; ferruginous lime concretions at top... 17 
Sandstone, ashy, dark gray, nodular; parting of dark 8} 
Shale, pink and gray, sandy, passing at base into shaly sandstone and brown shale......... II 

236 


The La Casita formation in the Villa Juarez uplift of eastern Durango™® is 


1387 feet thick and consists of benches of quartz sandstone, locally conglomeratic, alter- 
nating with sandy shale in the lower part and with several benches of siliceous limestone 
near the center. In the upper half, the sandstone benches alternate with talus slope, which 
conceals the intervening rock. 


145 Imlay, op. cit. (1937b), p. 602. 

46 Imlay, op. cit. (1936), p. III0. 

147 Imlay, op. cit. (1938), pp. 1683, 1684. 
48 Kellum, op. cit. (1936), p. 1067. 
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The La Casita formation in the Placer de Guadalupe district is reported to 
consist mainly of shale but includes a few thin layers of sandstone and is over 
1,500 feet thick.’ 

Generalized descriptions of the Jurassic rocks in the mountains southeast of 
Saltillo have been made by Bése.° Above the Nerinea-bearing, thick-bedded 
limestone of Oxfordian age, now called Zuloaga limestone, are locally thick 
masses of gypsum interbedded with brownish gray shale (Olvido formation). 
Above the gypsum, or in its absence directly above the Zuloaga limestone, are 
about 100 meters (328 feet) of gray to black shale with black limestone concre- 
tions that contain Idoceras and other ammonites representing the late lower 
Kimmeridgian and early middle Kimmeridgian. Above follow about 100 to 250 
meters (328 to 820 feet) of dark shale, sandy shale, and sandstone that presum- 
ably represent the upper Kimmeridgian. Then follow 50 to 300 meters (164 to 
820 feet) of sandstone and sandy shale of gray, green, or yellow color and locally 
conglomeratic. At the top occur about 20 to 50 meters (66 to 164 feet) of gray, 
white, or yellowish shale and limestone containing upper Portlandian fossils. 

_ Farther south in the Sierra Madre Oriental the La Casita formation is repre- 
sented by about 820 feet of shale near Mesquital, southern Nuevo Leén.! The 
shale is mainly dark, grades at top into overlying limestone of the Lower Cre- 
taceous, and toward its base contains interbeds of sandstone, ashy gray and 
pink shale, and phosphatic limestone concretions containing specimens of [do- 
ceras. It rests on a thick section of gypsiferous beds typical of the Olvido forma- 
tion. 

The formation in southwestern Tamaulipas is very thin. A section measured 
by M. B. Schmittou™’, 4 kilometers west-southwest of Huizachal, is as follows. 


Meters 
Limestone, marly and sandy, grayish black, contains ammonites representing the Maza pilites 
beds of the upper Kimmeridgian and the Kossmatia beds of the upper Portlandian........ 4-5 
Sandstone, fine-grained, soft, calcareous; contains remains of ammonites and bivalves...... 12 


Sandstone, fine-grained, gray, somewhat calcareous; weathers dark gray; contains molds of 


Sandstone, coarse-grained, gray, with beds of quartz 3 
Sandstone, fine-grained, hard, gray to grayish 


The foregoing section of about 115 feet is underlain by the Novillo formation 
of the early Upper Jurassic and overlain by the Tamaulipas limestone of the 


49 Personal communication from Robert King. 


450 Emil Bose, op. cit., pp. 199-209. 
151 Imlay, op. cit. (1939), p. 16. 
18 Carlos Burckhardt, “Etude synthétique sur les mésozoique méxicain,” Abh. Schweizer. 


Palacont. Gesell., Bd. 49-50 (1930), p. 88. 
Muir, of. cit. (1936), p. 14. 
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Lower Cretaceous. The observations of Schmittou do not agree with those of 
Heim,* who found gypsum and variegated shale of the Olvido formation be- 
neath the Tamaulipas limestone in the vicinity of Huizachal. Evidently the area 
will have to be restudied before the correct succession will be established. 

The La Caja formation consists of thin-bedded limestone, marl, and some 
shale, and becomes progressively finer and more calcareous upward. Brown and 
dark gray colors prevail, but some beds are white or reddish. The type section 


is as follows. 


La Caja ForMATION ON VEREDA DEL QUEMADO IN SIERRA DE LA Caja, 

or Mazapit, ZACATECAS 
Meters 
Limestones, marly and shaly, brownish and whitish, with intercalated beds of black chert 
and gray limestone. Contain Substeueroceras, Berriasella,and Kossmatia, and represent the 
Marls and shales, brownish, and intercalated gray limestone. ................-.200e00 3 


Limestones, phosphoritic, grayish, with intercalated breccia-like limestone. Contains Pseudo- 
lissoceras and large perisphinctids of the lower Portlandian.....................0005 3 
Marls and shales, brownish, with bed of black limestone. Contains Metahaploceras....... 3 
Limestones, phosphoritic, reddish with black spots. Contains Mazapilites and Aspidoceras 
Shales, brownish, with one bed of limestone. Contains Waagenia and represents middle 
Limestone, black. Contains Glochiceras fialar (Oppel), many species of Haploceras, and repre- 
Marls, shales, and marly limestone, brownish and yellowish, ry nodules of fossiliferous, 
black limestone. Contains many species of Idoceras of group of J. balderum and represents 


Limestone, reddish and black, compact, with lustrous surfaces. Conttiinn Trigonia....... 2 


Marls and marly shales, gray ’and brownish. A few cM.............sescesseeeeeeeeees 
82+ 
(269 feet) 


The lustrous black limestone-at the base of the section resembles anthra- 
conite and is widely distributed at that level in northern Zacatecas. The over- 
lying dark shales and marls of the lower and middle Kimmeridgian are likewise 
rather persistent and widespread. The phosphatic limestones of the upper Kim- 
meridgian and Portlandian are best developed in the Sierra Zuloaga and Sierra 
de la Caja, northern Zacatecas, and diminish not far away from those moun- 
tains. The highest unit, of whitish shaly and marly limestones containing Sub- 
steueroceras, has a distinctive ashy appearance and has been recognized over wide 
areas in southern Durango, northern Zacatecas, southeastern Coahuila and even 
in the Sierra Madre Oriental of southwestern Tamaulipas. 

The Malone formation has been thoroughly studied by Albritton, who has 
measured numerous sections. A summary of the entire section in Malone Moun- 
tains and Malone Hills on the basis of Albritton’s work is as follows. 


488 Arnold Heim, op. cit. (1940), p. 320. 
64 C. C. Albritton, Jr., “Stratigraphy and Structure of Malone Mountains, Te.as,” Bull. Geol. 
Soc. America, Vol. 49 (1938), pp. 1758-61. 
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SECTION IN MALONE Mountarns AND Hitts, HupspetH County, TExas 


Torcer formation, as defined by Adkins™5 Feet 
Limestone, thin-bedded, gray to black; includes minor amounts of shale, sandstone, and 
conglomerate; has a basal sandstone and chert pebble conglomerate 25 to 60 feet 
Malone formation, as defined by Albritton 
Limestone, thick-bedded, black, dense; some beds have limestone pebbles; includes 
locally at top about 25 feet of buff sandstone and arenaceous limestone that contains 
ammonites (Kossmatia) of upper Portlandian age.................0eceeeeeeeeeee 150-330 
Shale, sandy, and siltstone dominant; colors red, brown, gray and black. Gray and buff, 
thin-bedded sandstone common. Thin-bedded, dark limestone uncommon; many beds 
arenaceous or conglomeratic. Gypsum in minor amounts grades into gypsiferous sand- 
stone. Limestone conglomerate in a sandstone matrix occurs at base jd 9 also through- 
out in units as much as 35 feet thick. Limestone and shale contain ammonites of the 
group of Idoceras durangense, which represents the base of the middle Kimmeridgian. . 0-685 
Briggs formation, as defined by Albritton” 
Gypsum, white granular, with interbedded limestone. Limestone may be (1) dense and 
gray, (2) black pisolitic and fragmental, (3) black and conglomeratic, or (4) milky 
white. Base marked by 5 to 25 feet of buff weathering limestone................. TTS 
Limestone, thin-bedded or brecciated, black or bluish gray, about 80 feet thick; overlain 
Limestone, thick-bedded, dense, cherty, gray to black. Contains Permian fossils. Found 
only at northwest end of Malone Hills................. 150 


The entire section above the basal limestone with Permian fossils is con- 
sidered to be the Malone formation according to the classification of the United 
States Geological Survey. If the Torcer formation of Adkins is of Lower Creta- 
ceous age, it should certainly be separated from the Malone formation, but the 
published fossil evidence is not conclusive. 

The Olvido formation™* in the Huizachal area of southwestern Tamaulipas 
consists of gypsum interbedded with limestone, dolomite, and variegated shale 
and sandstone. In the mountains southeast of Saltillo white gypsum is inter- 
bedded with brownish gray shale. A complete section measured by L. S. Reed 
and E. R. Silliman on the north side of Rio Blanco, near Mesquital, Nuevo 
Leén,”® is here shown, with associated formations. 


Lower Cretaceous Fost 
Taraises formation 
Limestone, thin-bedded, dense, 
Upper Jurassic 


La Casita formation 
Shale, dark, grading into overlying limestone. Toward base contains interbeds of 
sandstone, ashy gray and pink shale and, also, phosphatic concretions with Idoceras. 820+ 
Olvido formation 


Limestone, thick-bedded, light gray, 65 
Sandstone, fine- to coarse-grained, red; some red and gray shale.................. 330+ 
Gypsum, pink, white, green. Unconformity at 330+ 


Novillo or Zuloaga formation 
Limestone, thin-bedded, and marl, light-colored; some interbedded coarse red sandstone 165 


Conglomerates, red and green, composed of igneous material................+.++5 165 
Jurassic or Triassic 
Unnamed redbeds 
* Shale, micaceous, maroon. Overlies igneous rocks but contact not observed........ 330+ 


155 W. S. Adkins, “The Mesozoic Systems in Texas,” in “The Geology of Texas,” Univ. Texas 
Bull. 3232 (1933), pp. 286-88. 


6 C. C. Albritton, of. cit., p. 1758. 
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The contact of the La Gloria and Zuloaga formations with the overlying late 
Jurassic La Casita and La Caja formations is distinct, but concordant. It repre- 
sents an erosional disconformity near the northern and eastern margins of the 
Mexican geosyncline and perhaps a depositional disconformity throughout much 
of the northern part of the geosyncline. The disconformity is indicated (1) in the 
Taraises uplift of the western part of the Sierra de Parras by the La Casita car- 
bonaceous shale and coal directly overlying marine La Gloria limestone and sand- 
stone, (2) in the La Casita uplift of the middle part of the Sierra de Parras by 
20 to 75 feet of conglomeratic sandstone at the base of the La Casita formation 
overlying marine limestone of the La Gloria formation; (3) in the Sierra Madre 
Oriental from the region of Saltillo southward 150 miles to Miquihuana, in south- 
western Tamaulipas, by the lower part of the La Casita formation consisting of 
carbonaceous shales and marls that in a few places are coal-bearing and locally 
have thick masses of gypsum (Olvido formation) at their base;! and (4) by the 
absence in northern Mexico of beds with lower Kimmeridgian fossils older than 
the beds with Idoceras, which mark the boundary of the lower and middle Kim- 
meridgian. Idoceras or associated forms of Haploceras and Glochiceras occur (1) 
in the middle part of the carbonaceous shale of the western part of the Sierra de 
Parras, (2) directly above the basal conglomeratic sandstone of the middle part 
of the Sierra de Parras, (3) in the carbonaceous shale directly above gypsiferous 
masses in the Sierra Madre Oriental, and (4) just 7 feet above the top of the 
Zuloaga limestone in the Sierra de la Caja near Mazapil, Zacatecas.’ The upper 
part of the Zuloaga limestone can not include part of the lower Kimmeridgian, as 
Burckhardt'™ has shown that the beds called the Zuloaga and La Gloria forma- 
tions are of Argovian age at their top. 

These facts show either that most of the lower Kimmeridgian is represented 
by a disconformity, or by thick gypsum masses nearshore and by a few feet of 
almost non-fossiliferous beds offshore. Possibly the few feet of lustrous, black cal- 
cite at the base of La Caja formation is the stratigraphic equivalent of the gyp- 
sum masses and represents extremely slow deposition. 


87 Tbid., pp. 1753-56. 

488 Heim, op. cit. (1940), p. 320. 

69 R. W. Imlay, “Upper Jurassic Ammonites from Mexico,” Bull. Geol. Soc. America, Vol. 50 
(1939), Pp. 16. 

160 Imlay, op. cit. (1936), p. IIIO. 

161 Imlay, op. cit. (1937b), p. 601. 

182 Bose, op. cit. (1923), pp. 130-32, 199-200. 

Burckhardt, of. cit. (1930), pp. 84-91, 102, 103. 

C. L. Baker, review of Historical Geology of the Antillean-Caribbean Region, by Charles Schuchert, 
Bull. Amer. Assoc. Petrol. Geol., Vol. 20 (1936), p. 498. 


163 Burckhardt, op. cit. (1930), p. 52. 
Inlay, op. cit. (1938), p. 1660. 


1 Carlos Burckhardt, “Faunas jurassiques et crétaciques de San Pedro del Gallo, Durango,” 
Bol. Inst. Geol. México, Nim. 29 (1912), pp. 203-13. 


, Op. cit. (1930), pp. 59-63. 
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The upper limit of the La Caja formation is sharply demarcated from the 
overlying Taraises formation, of early Lower Cretaceous age, but the succession 
of ammonite faunas indicates that deposition was continuous in the central part 
of the Mexican geosyncline. The upper limit of the La Casita formation is like- 
wise sharply demarcated where overlain by the limestone of the Taraises forma- 
tion, as in the Sierra de Parras and Sierra de Jimulco. The apparent absence of 
ammonites of Berriasian age in these ranges suggests the presence of a discon- 
formity. In the Villa Juarez uplift, eastern Durango, the La Casita formation is 
separated from the Taraises formation by 738 to 1,300 feet of early Cretaceous 
sandy shale and shaly sandstone called the Carbonera formation,’® which is 
transitional in character and suggests nearly continuous deposition from Jurassic 
into Lower Cretaceous time. In the Sierra Madre Oriental the shales and thin- 
bedded limestones of upper Portlandian and Tithonian age are transitional into 
shales and medium-bedded limestones of Berriasian and Valanginian age and, 
therefore, the Jurassic-Cretaceous boundary must be chosen on the basis of fos- 
sils and of slight lithologic differences.4 These observations show that through- 
out most of the northern and eastern parts of the Mexican geosyncline there was 
continuous sedimentation from Jurassic into Lower Cretaceous time, but that a 
minor interruption in sedimentation occurred locally along the northern boundary 
of the geosyncline and was reflected basinward by marked lithologic changes. 

Correlation—Nearly 30 years of study by Carlos Burckhardt of the late 
Upper Jurassic sedimentary rocks and fossils of Mexico have resulted in an 
ammonite zonation (Table VI) of great refinement and usefulness.'*’ Subsequent 
studies have modified this zonation only slightly'®* and have shown that it may 
be applied successfully in interpreting paleogeographic relationships and hence 
in guiding mineral exploration. According to the ammonite record, the beds be- 
longing to the La Caja and La Casita formations range in age from late lower 
Kimmeridgian (beds with Idoceras balderum) to Tithonian (beds with Swb- 
steueroceras); the Malone formation ranges in age from early middle Kim- 
meridgian (beds with Idoceras durangense) to upper Portlandian (beds with 
Kossmatia), and the Olvido formation is of lower Kimmeridgian age older than 
the beds containing Idoceras balderum (Oppel). Possibly the basal part of the 
Olvido formation is of late Argovian age, but such is not indicated by the strati- 
graphic succession at San Pedro del Gallo, Durango, where beds containing late 
Argovian ammonites are overlain directly by beds containing Idoceras durangense 
Burckhardt.’ 

16 R, W. Imlay, “Neocomian Faunas of Northern Mexico,” Bull. Geol. Soc. America, Vol. 51 
(1940¢), p. 124. 


166 Bose, op. cit., pp. 199-209. 
Burckhardt, op. cit. (1930), pp. 86, 88. 
Heim, op. cit. (1940), p. 321. 


167 Carlos Burckhardt, op. cit. (1930), p. 64, Tables 4-6. 
168 Tmlay, op. cit. (1939), PP. 19-24. 
169 Burckhardt, op. cit. (1930), p. 62. 
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Correlation of the La Casita and La Caja formations with the Cotton Valley 
formation has already been discussed. They appear to be of the same age at 
their base and to occupy the same time interval. The Olvido gypsum and varie- 
gated beds occupy the same stratigraphic position as the Buckner formation and 
as the basal gypsum beds of the Malone formation. 

Origin.—The thickness and distribution of the gypsiferous Olvido forma- 
tion show that it was formed in extensive lagoons, or in stagnant waters, border- 
ing land masses. Its superposition on the thick-bedded limestone of the Zuloaga 
formation shows that the marine waters had become shallower and were retreat- 
ing basinward. The overlying carbonaceous shales of the La Casita formation 
likewise were probably formed partly in lagoons. Coal seams in the shale indicate 
nonmarine conditions, but the presence of ammonites in concretions in the shale 
indicate more or less open connections with the sea. The large amounts of con- 
glomerate and sandstone in the La Casita formation in certain areas (Placer de 
Guadalupe district in Chihuahua, Villa Juarez uplift in Durango, Sierra Madre 
Oriental southwest of Monterrey) indicate local, rapidly rising land masses. 
Formation of the bulk of the coarse sediments during the Kimmeridgian and lower 
Portlandian and of the marl and limestone during the upper Portlandian and 
Tithonian shows that the uplift was completed in lower Portlandian. The abun- 
dance of ammonites and scarcity of benthonic mollusks in the offshore La Caja 
formation may be due to an abundance of mud rather than to any great depth of 
water. The abundance of shale and organic matter in the late Upper Jurassic 
deposits of the Mexican geosyncline suggests that the climate on the bordering 
land was less arid than during the early Upper Jurassic. 


SOUTHERN MEXICO AND NORTHERN CENTRAL AMERICA 
LOWER JURASSIC MARINE AND CONTINENTAL BEDS 
Distribution and thickness—Lower Jurassic (Liassic) sedimentary rocks have 
been found in the states of Hidalgo, Veracruz, Puebla, Oaxaca, and Chiapas, and . 
probably exist in the northern part of Central America (Fig. 10). The rocks in 
Oaxaca, southern Puebla, and Chiapas belong to a coal-bearing, continental 
facies, whereas those in eastern Hidalgo, northwest Veracruz, and northern 
Puebla belong to a marine facies that includes intercalations of continental 
beds.!”° The occurrences as described by Burckhardt!” may be enumerated as 


follows. 
1. Puerto de Tlamacho, District of Molango and Zacualtipan, eastern Hidalgo 
2. Gorge of Rfo Vinasco, vicintiy of Huayacocotla, northern Veracruz 
3. Four and one-half kilometers northwest of San Bartolo, eastern Hidalgo 


170 Mariano Barcena, “Materiales para la formaci6n de una obra de paleontologfa mexicana,” 


Anales del Museo Nac. de México, Tomo I (1877), pp. 285, 286. 

J. G. Aguilera, E. Ordofiez, and R. J. Buelna, ‘“‘Bosquejo geolégico de México,” Bél. Inst. Geol. 
México, Nam. 4-6 (1897), PP. 144, 147, 166, 200, 206-08 

Emil Base, “Uber Lias in Mexico,” Zeit. Deutsch. Geol. Gesell., Bd. 50 (7898), pp. 168-75. 

Carlos Burckhardt, “Etude synthétique sur le mésozoique méxicain,” Abh. Schweizer. Palacont. 


Gesell., Bd. 49 (1930), pp. 8-44, 91-93. 
17 Thid. 
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4. Vicinity of Ferrerfa Trinidad near Oney, in northern Puebla near boundary of Hidalgo 
5. Region of Huauchinango, northern Puebla 
6. Gorge of Rio Acaxochitlan, eastern Hidalgo 
7. Tutotepec in Sierra de Tulancingo, eastern Hidalgo 
8. Region east of Matamoros Izucar, southern Puebla 
g. District of Acatlan, southern Puebla 
10. 
II 
12 
13 
14 


South and southeast of Zapotitlan in district of Tehuacan, southern Puebla 


. Region of Tezoatlin and El Consuelo, northwestern Oaxaca 

. Northwest of Mixtepec, northwestern Oaxaca 

. Region of Tlaxiaco, west-central Oaxaca 

. Valley of Rio Nochistlén north of Santa Maria Yutanduchi, Oaxaca 
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Fic. 10.—Lower Jurassic localities in Mexico and Central America. 


Additional localities listed by Miillerried'” in Chiapas, Veracruz, and northern 


Central America are as follows. 


15. 
16. 
. Motocintla, southern Chiapas 

. Todos Santos, western Guatemala 

. Jocotaén, eastern Guatemala 

. Metap4n, El Salvador 

. Tegucigalpa, southwestern Honduras 

. San Juancito, southwestern Honduras 
. Catacamas, south-central] Honduras 

. Santo Tomas, north-central Nicaragua 


South-central part of Isthmus of Tehuantepec, Veracruz 
Southeast of Cintalapa, western Chiapas 


1” F. K. G. Miillerried, “Contribution to the Geology of Northwestern Central America,” Proc. 
8th Amer. Sci. Congress, Vol. 4 (1942b), pp. 470, 471. 
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Thicknesses of the Lower Jurassic are reported to be considerable, but few 
sections have been measured. The Lower Jurassic of the regions of Huayacocotla, 
Veracruz, and Huauchinango, Puebla, is not less than 400 meters (1,312 feet) 
thick, according to Burckhardt,!" who says precise determination is impossibie 
because of numerous faults and few outcrops. Coal-bearing beds in the region of 
El Consuelo in northwestern Oaxaca are about 527 meters (1,728 feet) thick, 
according to Birkinbine! and about 567 meters (1,860 feet) thick according to 
Wieland,!* but as their upper part contains ammonites of Bajocian age!” (early 
Middle Jurassic) only their lower part can be of Lower Jurassic age. A thickness 
of 400 meters (1,312 feet) of plant-bearing beds has been observed in the Rio 
Nochistlan, east of Chalcatongo, west-central Oaxaca.!"7 A thickness of 500 
meters (1,640 feet) of coarse, mainly continental beds occurs near Tehuacan, 
southern Puebla, and may represent more than Lower Jurassic, according to 
Miillerried.”8 

Stratigraphic and lithologic features—The dominantly marine facies of the 
Lower Jurassic of the Huasteca region of Veracruz and Puebla has been named 
the Potrero shale by Bése.1”® It has been described by Burckhardt'® as a thick 
mass of dark shales containing intercalations of green, yellow, and gray sand- 
stones. Ammonites are abundant throughout most of the beds. Plants occur in 
the basal part in association with ammonites and at the top where ammonites are 
lacking. The base of the marine Lower Jurassic beds has not been found, but their 
top is overlain by a conglomerate marking the base of a thick Upper Jurassic 
sequence. A generalized section of marine Lower Jurassic in the gorge of the Rio 


_Vinasco near Huayacocotla, Veracruz, was given by Burckhardt without thick- 


ness assignments and subsequently repeated by Schuchert'*! and Muir.!” 

The continental facies of the Lower Jurassic of southeastern Mexico con- 
sists of shale, sandstone, conglomerate, and coal.'** The shales are carbonaceous 
or ferruginous, less commonly sandy, calcareous, generally gray to black, partly 
micaceous, contain many ferruginous nodules and fossil plants. The sandstones 


173 Carlos Burckhardt, of. cit. (1930), p. 12. 


174 J, S. W. Birkinbine, “Exploration of Certain Iron-Ore and Coal-Deposits in the State of 
Oaxaca, Mexico,” Trans. Amer. Inst. Min. Met. Eng., Vol. 41 (1911), p. 179. 


1% G. R. Wieland, “La flora lidsica de la Mixteca alta,” Bol. Inst. Geol. México, Nim. 31 (1914), 
pp. 10-13. 

1%8 Burckhardt, of. cit., pp. 25-28. 

177 Tbid., p. 35. 

178 F, K. G. Miillerried, “Estudios paleontologicos y estratigraficos en la region de Tehuacan, 
Pue.,” Anales Inst. Biol., Tomo 4 (1933), pp. 41-46. 


179 Bose, op. cit., p. 175. This usage has precedence over that of R. E. King in Bull. Geol. Soc. 
America, Vol. 50 (1939), p. 1660. 


180 Burckhardt, of. cit., pp. 12-20, Table 2. 

181 Charles Schuchert, Historical Geology of the Antillean-Caribbean Region (1935), p- 148. 

182 J. M. Muir, Geology of the Tampico Region, Mexico, Amer. Assoc. Petrol. Geol. (1936), p. 10. 
183 Burckhardt (1930), op. cit., p. 29. 
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are fine- to coarse-grained, partly micaceous or ferruginous, generally quartzitic, 
less commonly shaly, and are gray, yellow, or brownish red. The conglomerates 
are reddish and consist of quartzite and schist fragments. The coal occurs as beds 
and lentils as much as 1o feet thick. The base of the continental facies, exposed 
at many places in southern Puebla and western Oaxaca, rests on schist, gneiss 
and granite that presumably are pre-Cambrian in age. The upper part of the 
continental facies in western Oaxaca has marine intercalations bearing ammonites 
of Bajocian age (early Middle Jurassic). These are overlain by marine shales and 
limestones bearing ammonites of Bathonian and Callovian age. In southeastern 
Puebla near Tehuacan the continental facies is reported to be overlain by Cre- 
taceous limestone.!* 

A section of the coal-bearing, continental facies about 567 meters (1,860 feet) 
thick was measured by Wieland'® near El Consuelo in the Tezoatlan region of 
northwestern Oaxaca and assigned by him entirely to the Lower Jurassic. He 
recognized (1) a lower division about 205 meters (672 feet) thick consisting 
mainly of black shale but including some sandstone and coal, and (2) an upper 
division about 362 meters (1,187 feet) thick consisting of interbedded sandstone, 
conglomerate, shale, and coal. Burckhardt!*® has presented evidence that most 
of the upper division is of early Middle Jurassic age and is overlain by beds of 
late Middle and early Upper Jurassic age. Therefore, it may be doubted if the 
Lower Jurassic is represented by more than the lower division of p!ant-bearing 
beds. Similar coal and plant-bearing beds of probable Lower and Middle Jurassic 
age are reported to occur in Chiapas!*’ and in the northern part of Central 
America.188 


Correlation.—Determination of the presence of Lower Jurassic rocks in south- 


eastern Mexico (Table VI) is based mainly on the study of ammonites by Burck- 
hardt'®® and of plants by Wieland'”° and Diaz Lozano.'! Marine beds with am- 
monites, known only from a small area in eastern Hidalgo, northwestern Veracruz 


184 op. cit., 
K.G. Miillerried, ‘ “eetudtios paleontologicos y estratigraficos en la region de Tehuacan, Pue.,” 


‘ie shay Biol., Tomo 4 (1933), PP. 41, 42, 79. 
18 G. R. Wieland, “La flora lidsica de la Mixteca alta,” Bol. Inst. Geol. México, Nam. 31 (1914), 


pp. 10-17. 

Burckhardt (1930), op. cit., pp. 31, 32. 

+86 Burckhardt, of. cit., (1930), pp. 28, 3 
, “Cefalépodos del jurdsico salle de Oaxaca y Guerrero,” Bol. Inst: Geol. México, Nim. 
47 (1927), PP. 92-94. 

187 F. K. G. Miillerried, “Estratigraffa preterciaria preliminar del Estado de Chiapas,” Bol. Soc. 
Geol. Méxicana, Tomo 9 (1936), Pp. 36, 37. 

188 Jdem, “Contribution to the Geology of Northwestern Central America,” Proc. 8th Amer. 
Sci. Congress, Vol. 4 (1942), pp. 47°, 475. 

189 Burckhardt, op. cit. (1930), pp. 12-23. 

190 Wieland, op. cit. (1914). 

191 FE. Diaz Lozano, “‘Descripcién de unas plantas lidsicas de Huayacocotla, Veracruz, y algunas 
plantas de la flora lidsica de Huauchinango, Puebla,” Bol. Inst. Geol. México, N&m. 34 (1916). 


{ 
i 
7 
1 
t 
4 
| 
: 
| 
4 
3 


JURASSIC FORMATIONS OF GULF REGION 1499 


and northern Puebla, represent the lower and middle parts of the Lower Jurassic, 
according to Burckhardt. Plant fossils from the marine beds have been deter- 
mined as Lower Jurassic by Lozano, who identified some plants from the highest 
beds with species in the lower part of the coal-bearing beds of western Oaxaca. 
Wieland considered all the coal-bearing beds of Oaxaca to be of Lower Jurassic 
age, but Burckhardt! showed that their upper part was of early Middle Jurassic 
age. Whether their lower part represents all, or only part of the Lower 
Jurassic has not been determined. The probable presence of marine late Lower 
Jurassic in Guerrero has been indicated by Burckhardt.!% 

The Lower Jurassic has been identified in the Todos Santos beds of Chiapas 
and Guatemala, the Metapan beds in El Salvador, and the Tegucigalpa beds in 
Honduras by means of fossil plants, of which some are reported to be identical 
with plants from the Lower Jurassic of western Oaxaca. 

Origin.—Burckhardt!™® has demonstrated that orogenic movements at the 
end of the Triassic produced a depression in the region of southern Mexico. In 
the southern part of the depression in western Oaxaca, southern Puebla, northern 
Chiapas, and probably northern Central America a considerable thickness of 
continental beds accumulated during the Lower Jurassic and early Middle 
Jurassic. In the northern part of the depression in Veracruz and northern Puebla 
a comparable thickness of marine beds formed during the early and medial parts 
of the Lower Jurassic. Burkhardt!™ considers that these marine beds were formed 
near shore, as indicated by the excellently preserved terrestrial plants in the same 
beds with marine ammonites, by the presence of sandstones containing bivalves, 
and by the superposition of continental beds above the marine sequence. He 
thinks that deposition occurred in a bay with defective circulation, as indicated 
by the thickness and bituminous character of the shale, by the abundance of 
pyrite, and by the abundance of ammonites compared with the lack of pelecypods 
in most beds. He suggests that marine beds of late Lower Jurassic age may be 
more extensive than older Jurassic beds, as indicated by an ammonite belonging 
to Harpoceras of the group of H. radians Reinecke, which was found at Coyula, 
on the road from Tepantitlan to Espiritu Santo, Guerrero.'%” 

Not enough is known about the distribution of Lower Jurassic rocks in south- 
eastern Mexico to outline the extent of the marine and continental deposits, but 
available information shows that marine waters entered-the region of Veracruz 


12 Burckhardt, op. cit. (1927). 

(1930), pp. 24-28. 

193 Tbid., p. 24. 

19 F, K. G. Miillerried, “The Mesozoic of Mexico and Northwestern Central America,” Proc. 8th 


Amer. Sci. Congress, Vol. 4 (19424), p. 129. 
, “Contribution to the Geology of Northwestern Central America,” ibid. (1942b), pp. 474, 


475- 
19 Burckhardt, op. cit. (1930), p. 43- 


196 Thid., pp. 20-23. ‘ 
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in early Lower Jurassic time and spread west and southwest as a rather narrow 
embayment that reached the region of Guerrero by late Lower Jurassic time. As 
Burckhardt!®® has shown, the invasion continued during the Middle Jurassic 
and culminated in the Callovian stage of the early Upper Jurassic. 

The climate of the Lower Jurassic must have been hot and humid, at least 
seasonally, as indicated by the richness of the flora and the presence of consider- 
able coal. Wieland thinks the plants indicate a tropical climate of the monsoon 
forest type. Burckhardt? notes that the commonness of red sandstones and the 
presence of iridescent marl probably indicate a climate arid or semiarid. However, 
the red color of some of the sandstones and conglomerates of the continental 
facies may have been inherited from older redbeds and preserved by rapid burial, 
or may have been a product of laterization during Jurassic time. 


MIDDLE JURASSIC MARINE AND CONTINENTAL BEDS 


Distribution and thickness —The Middle Jurassic has been definitely identified 
only in western Oaxaca and northeastern Guerrero (Fig. 11), but its dominantly 
marine character indicates a much wider distribution. The relationships of the 
ammonites to species in the Mediterranean province suggest that the Middle 
Jurassic sea came from the east and consequently that rocks of that age probably 
occur in Puebla and Veracruz. Miillerried?" considers that the lower part of the 
Todos Santos beds of Chiapas, Guatemala, Honduras, and Salvador are of Lower 
and Middle Jurassic age, as they contain some plant fossils that are specifically 
identical with species from western Oaxaca whose position has been determined 
on the basis of ammonites. 

The occurrences described by Burckhardt?” may be enumerated as foliows. 

1. Gorge of Rfo Tecocoyunca north of Cualac, northeastern Guerrero 

2. of Rfo Carrizo northeast of San Juan Diguiy (Diquillt), near Tezoatlan, northwestern 

3. Hill near Mixtepec, western Oaxaca 

4. Northwest of Oaxaca on road from “‘Fundicién del Sol de Mayo” to “Cuadrilla de Guadalupe,” 


western Oaxaca 
5. Duashnd, southwest of San Andrés Cabecera Nueva, western Oaxaca 


To these can be added the various occurrences in the Isthmus of Tehuantepec 
and northern Central America cited by Miillerried?™ and listed previously in the 
report under the heading of Lower Jurassic. 


198 Thid., pp. 24-28, 43. 


199 G. R. Wieland, “‘The Liassic Flora of the Mixteca Alta of Mexico—Its Composition, Age, and 
Source,” Amer. Jour. Sci., 4th Ser., Vol. 36 (1913), p. 256. 


200 Burckhardt, of. cit. (1930), p. 43- 


201 Miillerried, F. K. G., ““The Mesozoic of Mexico and Northwestern Central America,” Proc. 
8th Amer. Sci. Congress, Vol. 4 (19424), p. 129. 


202 Burckhardt, of. cit. (1930), pp. 25, 26. 
203 Miillerried, of. cit. (1942b), p. 470. 
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The thickness of the Middle Jurassic rocks in western Oaxaca is about 300 
meters (984 feet).2 Elsewhere they have not been measured even approxi- 
mately. 

Stratigraphic and lithologic features —In western Oaxaca the Middle Jurassic, 
according to Burckhardt,?® consists of shale alternating with conglomerate, 
sandstone, marl, and limestone, of which most are of dark color. The shale con- 
tains coal beds and ferruginous nodules. Ammonites occur in the nodules and bi- 
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Fic. 11.—Middle Jurassic localities in Mexico and Central America. 


valves in the sandstones. Most of the carbonaceous material is in the lower part 
of the sequence. 

In northeastern Guerrero near Cualac some dark marls and marly limestone 
have been identified by Burckhardt?® as Bathonian (late Middle Jurassic) on 
the basis of an ammonite. The overlying shales and limestones contain many 
ammonites of early Upper Jurassic (Callovian) age. The underlying beds are sand- 
stones bearing lentils of coal and numerous plants and oysters and are of undeter- 


204 Burckhardt, op. cit. (1930), p. 32. 
205 Thid., pp. 25, 26, 32. 


206 Thid., pp. 26, 36. 
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mined age. They are underlain by conglomerate and hard quartzitic sandstone 
that rest on mica schists. 

The stratigraphic relationships of the Middle Jurassic rocks in Oaxaca and 
Guerrero show that they grade downward into continental rocks of Lower 
Jurassic age and grade upward into marine shales and limestone of early Upper 
Jurassic (Callovian) age. 

Correlation —The assignment to a Middle Jurassic age of certain beds in 
western Oaxaca and northeastern Guerrero (Table VI) is based on the presence 
of a few ammonites described by Burckhardt.?” Plants in the same beds with the 
ammonites have been of litt!e value for exact age determination. Equivalent 
plant-bearing beds apparently occur in the Isthmus of Tehuantepec and in 
northern Central America.” 

Origin —Burckhardt?™ considered that the littoral and sublittoral character 
of most of the Middle Jurassic sediments indicated that marine waters probably 
did not occupy much area in southern Mexico but probably occurred as bays or 
lagoons into which ammonites penetrated temporarily. He considered that the 
character of the coal indicated deposition by rivers, but that the excellent preser- 
vation of some of the fossil plants showed that they were buried near where they 
grew. Not enough is known about the distribution of the Middle Jurassic deposits 
to outline the margins of the marine areas, but the change from dominantly car- 
bonaceous or coarse littoral sediments in the lower part of the sequence to normal 
marine sediments in the upper part suggests that marine waters encroached more 
and more widely on the lands during the subperiod. 


CALLOVIAN MARINE BEDS 


Distribution and thickness——Marine shale, marl, limestone, and some sand- 
stone of Callovian age have been identified by Burckhardt?"® (1) in the gorge of 
the Rio Tecocoyunca on the road to Huamuxtitlan, north of Cualac, Guerrero, 
(2) in the vicinity of Consuelo, near Tezoatlan, Oaxaca, and (3) in the vicinity 
of Mixtepec, Oaxaca (Fig. 13). Their thickness near Cualac is at least 660 meters 
(2,165 feet)*4 and near Consuelo is considerable but has not been measured. 

Stratigraphic and lithologic features—The Callovian beds near Cualac, Guer- 
rero, consist of dark bituminous shale, marly shale, and marly limestone. They 
overlie dark marl and limestone that contain ammonites of Bathonian age and 
grade downward into thick sandstone of earlier Jurassic age. They underlie 


207 Carlos Burckhardt, ‘‘Cefalépodos del Jurasico medio de Oaxaca y Guerrero,” Bol. Inst. Geol 
México, Nim. 47 (1927). 
op. cit. pp. 25, 26. 


208 Miillerried, op. cit. (1942b), pp. 470, 474, 475- 
209 Burckhardt, op. cit. (1930), p. 43. 
210 Burckhardt, op. cit. (1930), pp. 26, 32, 35, 36, 43- 


211 Carlos Burckhardt and F. K. G. Miillerried, “Neue Funde in Jura und Kreide Ost- und Siid- 
Mexicos,” Eclogae Geol. Helvetiae, Vol. 29, No. 2 (1936), pp. 310-12. 
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several hundred meters of sandstone, conglomerate, and volcanic tuff that are 
overlain by thick-bedded limestone of the late Lower Cretaceous. 

The Callovian beds near Consuelo, western Oaxaca, are marked basally by 
black and coffee-colored shale about 38 meters (125 feet) thick containing Cal- 
lovian ammonites. Above this follows a thick sequence of alternating shale, sandy 
shale, massive gray sandstone, oyster-bearing black limestone, shaly and sandy 
limestone, and shaly and calcareous sandstone. Above this follows about go 
meters (295 feet) of compact, white limestone with intercalations of yellow shale 
containing upper Callovian ammonites. Burckhardt assumed that the repetition 
of beds between the ammonite-bearing units was produced by faulting that was 
not observed by the field geologists, and that most of the beds were, therefore, 
of Bathonian age. This is rather curious reasoning, especially considering that 
Burckhardt recognized an enormous thickness of Callovian beds near Cualac, 
Guerrero. 

The Callovian beds in the Consuelo area rest conformably on Middle Jurassic 
shale and sandstone that is partly marine but grades downward into continental 
coal-bearing beds. The nature of the contact with the overlying Oxfordian lime- 
stone and marl is not known. 

Correlation—The ammonite fauna of the Callovian beds, according to 
Burckhardt,” represents both lower and upper Callovian, but a detailed, strati- 
graphic study would be necessary to determine the exact positions of the various 
species. This age determination has been accepted in general by Spath.”" 

Origin.—The Callovian beds of the Consuelo area were probably deposited 
near land, as indicated by the frequency of sandstone layers and the presence of 
oysters in the limestone. The beds near Cualac probably were formed in the more 
open sea, as indicated by the lack of coarse sediments and bottom-dwelling mol- 
lusks and by the abundance of ammonites, particularly of the genus Phylloceras. 
The thickness of the marine deposits and the abundance of ammonites suggest 
that the sea covered a fairly large area. The close affinities of the ammonites 
with forms in the Mediterranean province show that the sea entered Mexico 
from the east. 


DIVESIAN(?) REDBEDS AND SALT 


Distribution and thickness —Redbeds (Fig. 12) have been found in deep wells 
in the Tampico area of southern Tamaulipas and northern Veracruz,” in out- 
crops in the Teziutlan area of northern Puebla,” at Cerro Pelén near Rio Las 


212 Carlos Burckhardt, ‘‘Cefalépodos del Jurdsico medio de Oaxaca y Guerrero,” Bol. Inst. Geol. 

México, Nam. 47 (1927). 

, op. cit. (1930), pp. 26-28. f 
218. F, Spath, ‘Revision of the Jurassic Cephalopod Fauna of Kachh (Cutch),” Palaeonotologia 

Indica, N. Ser., Vol. 9 (1933), p- 873- i 
214 J. M. Muir, Geology of the Tampico Region, Mexico, Amer. Assoc. Petrol. Geol. (1936), Figs. 8, 
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Playas in extreme eastern Veracruz,”!° and between Rincon Antonio and Magofie 
in eastern Oaxaca.”!” Redbeds with associated salt and gypsum crop out near 
Quetzal in northern Guatemala,”4® were penetrated in a well near Tonalapa, in 
the Chinameca area west-northwest of Minatitl4n, southeastern Veracruz,?!® 
and have been reported in western Oaxaca.”° The distribution of the salt facies 
is shown by the occurrence of salt domes in southeastern Veracruz,”! by salt 
springs in Oaxaca, northeastern Guerrero, southern Puebla,” Tabasco, northern 
Chiapas, and northern Guatemala,” and by the ejection of salt fragments from 
the volcano Santa Maria, in western Guatemala.24 

Near Salinas, Ranchito, and Tapado in western San Luis Potosi outcrop vari- 
colored shale, shaly limestone, and sandstone, whose fractures contain salt, and 
which appear to be the source of the salt in the wells that maintain local salt 
industries.”“* The age of these beds is probably Jurassic, as they underlie thick 
Lower Cretaceous limestone and resemble shaly beds in the Sierra de Catorce 
that are of early Upper Jurassic age or older. If these salt deposits are Jurassic 
they must be near the northern limit of the Jurassic salt basin, as redbeds with- 
out salt are known short distances east, north, and west. 

The complete thickness of the redbeds section has not been determined. The 
wells near Tampico penetrated less than 100 feet into red sandstone and con- 
glomerate and did not encounter salt. The redbeds in eastern Oaxaca are probably 
more than a thousand feet thick.”® The well near Tonalapa penetrated 2,120 feet 
of redbeds and salt, of which about five-sixths is salt. The salt and redbeds are 
folded concordantly with the overlying Upper Jurassic limestone,”* but as the 


216 Burckhardt, op. cit. (1930), pp. 96-98. 

217 C, L. Baker, “Geological Cross-Section of Isthmus of Tehuantepec,” Pan-Amer. Geol., Vol. 
53 (1930), p. 167. 

218 H. de Bickh, G. M. Lees, and F. G. S. Richardson, “Contributions to the Stratigraphy and 
Tectonics of the Iranian Ranges,” The Structure of Asia (1929), p. 164. 

219 C, S. Huntley, “Oil Development on the Isthmus of Tehuantepec,” Trans. Amer. Inst. Min. 
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220 Roy T. Hazzard, “Notes on the Comanche and Pre-Comanche? Mesozoic Formations of the 
Ark-La-Tex Area: and a Suggested Correlation with Northern Mexico,” Guide Book 14th Ann. Field 
Trip Shreveport Geol. Soc. (1939), Pp. 174. 

21 Walter A. Ver Wiebe, “Salt Domes of the Isthmus of Tehuantepec,” Pan-A mer. Geol., Vol. 45, 
No. 5 (1926), pp. 348-58. 

222 Ernesto Wittich, “Los depésitos de Tecali (ohix-marmol) y las salinas de la region de Chila y 
Tulcingo, Edo. de Puebla,” Mem. y Rev. Soc. Cient. “Antonio Alzate,” Tomo 45 (1926), pp. 115-28. 

23 Karl Sapper, “Mittelamerika,” Handbuch der Regionalen Geologie, Bd. 8, Abt. 4a, Heft 29 
(1937), PP- 44; 45- 

24 Tbid., p. 145. 

24a V_ Galvez, A. Hernandez, and Luis Bldsquez L., “Estudios hidrogeolégicos practicados en el 
Estado de San Luis Potosf,” Anales Inst. Geol. México, Tomo 7 (1941), pp. 33-35, 68. 
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well was drilled on top of an anticline the salt may be thicker there, owing to 
flowage, than it was originally. 

Stratigraphic and lithologic features—The redbeds in southern Mexico con- 
sist of red sandstone, shale, and conglomerate and are litho'ogically very similar 
to the redbeds in northern Mexico. Outcrops between Rincon Antonio and 
Magoiie in eastern Oaxaca, according to Baker,”” are 
composed of maroon, dark-green, gray and buff, cross-bedded, generally finely arkosic 
sandstones, interbedded dark maroon shale, and pockets and bails of maroon clay with 
a few minor conglomerates. . . . In places layers of clay have large mud-cracks filled with 
sand. There is sometimes mottling of dark green and maroon colors, small segregations of 
crystalline quartz in veinlets, lenses, and stringers are abundant. Volcanic ash, with 
quartz, ferro-magnesian minerals, and small pieces of pumice are noted at two localities 

. . Many beds are composed of fine arkose of quartz and orthoclase. 


The lower limit of the redbeds in southern Mexico has not been determined. 
The highest redbeds, wherever observed in Tamaulipas, Veracruz, and Puebla, 
are overlain concordantly by ‘Upper Jurassic marine limestone. In the Tampico 
area the redbeds are overlain by about 600 feet of limestone and shale, having a 
thin basal conglomerate, land bearing fossils of middle Kimmeridgian to Port- 
landian age.”* In the Chinameca area of eastern Veracruz the redbeds are over- 
lain by several hundred feet of limestone, marl, and shale, whose outcrops have 
furnished fossils of middle Kimmeridgian to Neocomian age.”® At Cerro Peldén, 
near Rio Las Playas, eastern Veracruz, the same stratigraphic relations exist as 
near Chinameca. In ‘eastern |Oaxaca {the redbeds are overlain, according to 
Baker,”*° by thin- bedded and shaly limestone resembling the late Jurassic lime- 
stone near Chinameca and containing in its lower part some interbeds of arkosic 
hard blue-gray quartzite similar lithologically to quartzite in the underlying red- 
beds. In the Teziutlan area of northern Puebla the redbeds are overlain by lime- 
stone and shale that have furnished fossils ranging in age from middle Kim- 
meridgian to Tithonian.*! In the Tampico area the basal limestones contain fos- 
sils of middle Kimmeridgian age, but in the other areas there is no direct evidence 
that beds of Oxfordian age are absent above the redbeds. 

The stratigraphic position of the redbeds, salt, and gypsum in the southern- 
most states of Mexico has not been accurately determined. For the western part 
of the State of Oaxaca, Weaver” notes that “unpublished and unconfirmed re- 
ports of some credibility give a salt, gypsum, and red shale sequence below the 
plant beds and above a thin marine Oxfordian”’ unit. Farther east, in Tabasco, 


27 C. L. Baker, op. cit. (1930), pp. 167-68. 


28 Burckhardt, op. cit. (1930), pp. 95, 96. 
Muir, of. cit. (1936), pp. 15, 16, 33. 


29 Burckhardt, op. cit., p. 97. 
230 C. L. Baker, of. cit. (1930), pp. 167-69. 
23. Burckhardt and Miillerried, op. cit., pp. 315-16. 


232 Hazzard, op. cit., p. 174. 
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northern Chiapas, and southern Guatemala, equivalent rocks are included in the 
Todos Santos beds which, according to Sapper,” rest discordantly on folded 
Paleozoic rocks and consist of sandstone, marl, shale, sandy shale, and conglomer- 
ate that are mainly yellow, red, or brown. In western Guatemala and eastern 
Chiapas they contain locally intercalations of limestone, marly limestone, gyp- 
sum, and probably rock salt. Sapper states™4 (translation), 

Of special interest is the salt formation of southern Veracruz and Tabasco in the region 
of the Isthmus of Tehuantepec. Salt springs occur also in Chiapas and northern Guatemala 
in the Todos Santos strata. This ‘salt formation corresponds to the lower part of the Todos 
Santos strata. It designates the southern boundary of the Mesozoic sea. 


Béckh, Lees, and Richardson*® have noted that ‘‘the Todos Santos beds of 
Guatemala contain gypsum near San Mateo Ixtatan and both gypsum and salt 
near Quetzal.” 

The name, Todos Santos, has been applied to the entire Jurassic section and 
to the overlying Neocomian, according to Miillerried.* He says that the Jurassic 
section consists of two parts. The upper part is hundreds of meters thick, con- 
sists of shale, limestone, gypsum, and reddish sandstone and shale, and contains 
marine fossils of Upper Jurassic age. The lower part is hundreds of meters thick, 
consists of sandstone and conglomeratic sandstone that are partly red and of 
shale and marl with fossil wood and leaves. He correlates the lower part with the 
continental beds of Lower and Middle Jurassic age in Oaxaca and Puebla. His 
brief descriptions indicate that gypsum and reddish sandstone and shale are 
associated with the marine limestone of Upper Jurassic age rather than with 
the older continental, plant-bearing beds. 

The most complete section of red beds and salt that has been described is 
that in the Tonalapa well near Chinameca and is as follows. 


SECTION IN TONALAPA No. 1 WELL OF ComPpANfA MEXICANA DE PETROLEO, IN CHINAMECA AREA 


WEstT-NORTHWEST OF MINATITLAN, SOUTHEASTERN VERACRUZ”? 
Depth Thickness 


in Feet in Feet 


Bimestone ang funt, cold fresh water. -85 33 


338 Karl Sapper, op. cit., pp. 26, 27. 

Tbid., pp. 44, 45. 

23 Bockh, Lees, and Richardson, of. cit., p. 164. 

26 F, K. G. Miillerried, “Estratigraffa preterciaria preliminar del Estado de Chiapas,” Bol. Soc. 
Geol. Mexicana, Tomo 9g (1936), pp. 36, 37- 

237 C, S. Huntley, “Oil Development on the Isthmus of Tehuantepec,” Trans. Amer. Inst. Min. 
Met. Eng., Vol. 69 (1923), p. 1165. 
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Depth Thickness 

: in Feet in Feet 


This section may be summarized as follows. 
Depth Thickness 
in Feet Feet 
Limestone, platy, yellowish, brownish or gray, alternating with whitish marl, 

black shale, and some chert. Outcrops near by contain ammonites of late 


Limestone, brown shale, bluish sandy shale, redbeds, red shale with rock salt.. -2,290 240 


Correlation.—Several lines of evidence indicate that the redbeds and associ- 
iated salt of southern Mexico are of early Upper Jurrassic age and were formed 
mainly during the Divesian stage (Table VI). 1. Their upper beds, wherever 
observed, are overlain concordantly by Upper Jurassic marine limestone, sug- 
gesting that they are not much older. 2. The meager stratigraphic data available 
concerning the Todos Santos beds of northern Chiapas and Guatemala suggest 
that the redbeds and salt are associated with the marine beds of Upper Jurassic 
age rather than the continental beds of Middle and Lower Jurassic age. 3. There 
appears to have been no time during the Lower or Middle Jurassic when thick 
salt deposits could have formed, as the various stages are represented by marine 
fossils, the coal and plant-bearing beds indicate moist climates, and the color of 
much of the unweathered sediments is dark. 4. The occurrence of thick, marine 
beds of lower and upper Callovian age precludes the possibility of salt deposits 
during that time. 5. Aridity in parts of North America appears to have been ex- 
cessive during the Divesian, as the bedded salt deposits of the Western Interior?*® 
and the Eagle Mills salt of the southern United States are mainly or entirely 
Divesian in age. 


238 G. R. Mansfield, “Geography, Geology, and Mineral Resources of Part of Southeastern 


Idaho,” U. S. Geol. Survey Prof. Paper 152 (1927), pp. 193, 338-40. ; 
A. A. Baker, C. H. Dane, and J. B. Reeside, Jr., “Correlation of the Jurassic Formations of 


Parts of Utah, Arizona, New Mexico, and Colorado,” ibid., Prof. Paper 183 (1936), pp. 6-8, 45, 46, 
54, 58, Fig. 16. 
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The possibility that the redbeds and salt might be of Permian or Triassic age 
seems very unlikely. In Peregrina Cafién, Tamaulipas, strongly folded middle 
Permian shale and sandstone are overlain with angular unconformity by red- 
beds.”*® In Chiapas the Todos Santos beds lie discordantly on strongly folded 
Paleozoic limestone™® that contains middle Permian fossils. These occurrences 
show that the redbeds were formed after the late Paleozoic revolution and there- 
fore presumably after upper Permian. Furthermore, the absence of any marine 
beds of Triassic age in southern Mexico south of Zacatecas makes it seem unlikely 
that the salt could be of Triassic age. The marine beds of Upper Triassic age 
near Zacatecas City in central Mexico consist of black or dark blue shale and 
fossiliferous greenish volcanic rocks that are completely unlike the redbeds in 
color, composition, and depositional history. However, the Triassic marine beds 
are overlain disconformably by red sandstones and conglomerates that Burck- 
hardt™ assigned to the late Tertiary, but which may well be Upper Jurassic in 
age. 

Correlation of the redbeds and salt of southern Mexico with the Eagle Mills 
redbeds and salt of the southern United States is indicated by their stratigraphic 
position directly beneath Upper Jurassic marine beds, by their nearly identical 
lithologic characteristics, and by their great thickness and extent. The conditions 
leading to salt deposition on an immense scale are so special that it is difficult to 
imagine the salt beds of these two areas being formed at different times or even 
in separate basins. 

Correlation of the redbeds of southern Mexico with those of northern Mexico 
is indicated by lithologic characteristics, stratigraphic position, and enough re- 
corded occurrences to show that the redbeds of the two areas are parts of the 
same formation and are continuous in the subsurface. The only stratigraphic 
difference is that the redbeds of northern Mexico are everywhere overlain by 
limestone of Argovian age, whereas the redbeds near Tampico are overlain by 
limestone of Kimmeridgian age. However, stratigraphic relationships near Tam- 
pico may be a result of overlap of Kimmeridgian beds along the eastern margin 
of an Upper Jurassic land mass, as the relationships are exactly duplicated in 
southern Arkansas by the overlap of the Cotton Valley formation across the 
Smackover limestone onto the Eagle Mills redbeds. 

Origin.—The distribution of salt springs, salt domes, and salt outcrops in 
southern Mexico and northern Central America (Fig. 12) shows that the salt 
basin was at least 700 miles long. This great extent along the southern margin 


239 John M. Muir, Geology of the Tampico Region, Mexico, Amer. Assoc. Petrol. Geol. (1936), pp. 
8, 9. 
”" Arnold Heim, “The Front Ranges of the Sierra Madre Oriental, Mexico, from Ciudad Victoria to 
Tamazunchale,” Eclogae Geol. Helvetiae, Vol. 33, No. 2 (1940), p. 318. 


240 Sapper, op. cit., p. 26. 


41 F. K. G. Miillerried, A. K. Miller, and W. M. Furnish, “The Middle Permian of Chiapas, 
Southernmost Mexico, and Its Fauna,” Amer. Jour. Sci., Vol. 239, No. 6 (1941), pp. 397-400. 


%2 Burckhardt, op. cit. (1930), p. 3. 


| 
| 
| 
} 


JURASSIC FORMATIONS OF GULF REGION 1511 


of the Gulf of Mexico, the lack of structural evidence of any barrier on the north, 
and the presence of similar salt deposits from the lower Rio Grande to south- 
western Alabama suggest that the salt basin was part of the Gulf of Mexico. The 
conditions necessary to produce such a large body of salt and associated redbeds 
must have been extreme aridity for several million years and a narrow strait con- 
necting the salt basin with an ocean. This strait probably connected with the 
Atlantic Ocean, as the affinities of the Jurassic faunas of the Mexican geosyncline 
are with the faunas of the Mediterranean province. The strait may have been 
as far east as the region between Hispaniola and the Bahamas. Sources of the 
material for the redbeds were probably the geanticlinal areas of western and 
southern Mexico,” or the outcrops of Permo-Triassic redbeds in Texas and New 
Mexico. 


ARGOVIAN MARINE BEDS 


Distribution and thickness——Marine beds of upper Oxfordian (Argovian) age 
have been identified in southern Mexico only near El] Consuelo and Tlaxiaco, 
western Oaxaca, and in the gorge of the Rio Vinasco, near Huayacocotla, north- 
western Veracruz (Fig. 13), but undoubtedly have a wide distribution from 
Oaxaca to Chiapas. The Nerinea-bearing limestone recorded by Miillerried™4 
from southeast of Cintalapa, western Chiapas, is possibly of this age. Thicknesses 
have not been recorded, but, judging by Burckhardt’s cross sections, the lime- 
stone near Huayacocotla attains about 400 feet. 

Stratigraphic and lithologic features—Near El] Consuelo thick, marly beds 
have been assigned to the Oxfordian by Burckhardt™* on the basis of echinoids 
and brachiopods. West of Tlaxiaco in Cerro Titania limestone and marl have 
furnished a fauna of echinoderms, brachiopods, and pelecypods™’ which Burck- 
hardt considers Oxfordian, because some of the species are identical with species 
in the Zuloaga limestone near Mazapil, Zacatecas. These beds are underlain, ac- 
cording to Felix,**® by varicolored, light gray, greenish, or reddish marls and 
brown limonitic intercalations, containing ammonites of Middle Jurassic or early 
Upper Jurassic age. The Oxfordian beds near Huayacocotla, Veracruz, consist™® 
mainly of compact, gray limestone bearing Nerineas but at their base contain a 
thin unit of red sandstone and shale that overlies conglomerate consisting of 
pebbles derived from the underlying Potrero formation, of Lower Jurassic age 
on which they rest disconformably. They are overlain abruptly but conformably 


243 Charles Schuchert, Historical Geology of the Antillean-Caribbean Region (1935), PP. 11-13. 
4 Miillerreid, op. cit. (1942b), p. 475. 

*4 Burckhardt, of. cit. (1930), pp. 10, 92. 

6 Tbid. (1930), Pp. 29, 33, 98. 


247 Felix, J., ““Versteinerungen aus der mexicanischen Jura- und Kreide-formation,” Palaconto- 
graphica, Vol. 37 (1891), pp. 172-80, Pl. 37. 


48 Thid., p. 140. 
9 Burckhardt, op. cit. (1930), pp. 10, 91, 92. 
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by Upper Jurassic dark shale and limestone that basally contain lower Kimmer- 
idgian ammonites. 

Correlation.—The Oxfordian beds near Huayacocotla, Veracruz, resemble in 
lithologic features and stratigraphic position the Zuloaga limestone of northern 
Mexico and probably should be called by the same name. The stratigraphic re- 
lationships of the Oxfordian limestone and marl of western Oaxaca have not been 
determined precisely, but their fossils suggest a correlation with the Zuloaga 
limestone (Table VI). 

Origin.—The characteristics of the Oxfordian limestone and marl of southern 
Mexico are so similar to those of the Zuloaga limestone of northern Mexico that 
their environment of deposition must have been similar. The basal conglomerate 
in the Huayacocotla area shows that the sea of Oxfordian time was transgressive, 
but the thick-bedded limestone and the absence of coarse, detrital material above 
the basal beds indicate shallow waters, either distant from land, or bordering 


very low land. 
KIMMERIDGIAN TO TITHONIAN MARINE BEDS 


Distribution and thickness—Marine limestone and shale of late Upper Jur- 
assic (Kimmeridgian to Tithonian) age have been recorded in southern Mexico*® 
at the following localities (Fig. 13). 


1. Three wells in Tampico area of southern Tamaulipas and northern Veracruz. These include 
Altamira No. 11 of Mexican Gulf Oil Company, and Chocoy No. 2 and Panuco No. 82 of Corona 
Petroleum Company 

2. Valley of Rfo Moctezuma west of Tamazunchale, southeastern San Luis Potosi 

3. Gorge of Rio Vinasco near Huayacocotla, northwestern Veracruz 

4. Gorge of Rio Totolapa north of Huauchinango, northern Puebla 

5. Poza Rica well No. 8 of Compafifa Mexicana de Petréleo near Coatzintla, central Veracruz 

6. Teziutlan area of northern Puebla 

7. Almanza area of central Veracruz 

8. Tonalapa well No. 1 near Tonalapa, in Chinameca area west-northwest of Minatitlin, southeast- 


ern Veracruz 
g. Cerro Pelén near Rio Las Playas, extreme eastern Veracruz 
10. Tlaxiaco area of western Oaxaca 
11. Amoltepec area of western Oaxaca 
12. Huehuetla and Piedras Negras, Hidalgo 

Few sections of the late Upper Jurassic beds of southern Mexico have been 
measured. Well sections near Tampico show a thickness of 450 to 600 feet.* 
The thickness near Huayacocotla, judging from Burckhardt’s cross section,” 
is at least 650 feet. The beds of Kimmeridgian age near Huauchinango are about 
150 meters (492 feet) thick.%* The Tonalapa well near Chinameca began in the 
Upper Jurassic and entered redbeds 333 feet below the surface. 

Stratigraphic and lithologic features ——The late Upper Jurassic section pene- 
trated in wells near Tampico has been thoroughly discussed by Burckhardt™ and 

20 Burckhardt, op. cit. (1930), pp. go-T00. 


%l Muir, op. cit. (1936), Figs. 8, 9. Note that thicknesses indicated by these figures exceed those 
cited on pages 15 and 16 of Muir’s report. 


%2 Burckhardt, op. cit. (1930), p. 10. 
253 Thid., p. 92. 
4 Ibid., pp. 95, 96. 
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Muir. The section consists mainly of gray and brown limestone, of which some 
beds are odlitic and some are dolomitic, but includes some black carbonaceous 
and bituminous shale, and is marked basally by a conglomerate that rests on 
redbeds. The shale contains sulphides of iron and copper as fine particles, or thin 
layers, and numerous fish remains. Ammonites, aptychi, and fish scales are com- 
‘mon throughout and date the beds as middle Kimmeridgian to upper Portland- 
ian. The pelecypod Aulacomyella occurs in the basal bed. A disconformity may 
be present at the top, as no fossils of Tithonian age were found, and the basal 
beds of the Cretaceous contain considerable glauconite. 

The late Upper Jurassic rocks exposed along the Valley of the Rio Moctezuma 
west of Tamazunchale in southeastern San Luis Potosi have been studied by 
Heim,”* who proposed new formation names for them. The Taman formation is 
described? as more than 1,000 meters (3,200 feet) thick and consisting of “Well 
bedded, black, fine-grained and microcrystalline limestones, alternating with 
black shales.” It contains A ulacomyella and ammonites of Kimmeridgian age and 
apparently passes up into the Pimienta formation, which is described as a “‘series 
of black or black and white, thin-bedded, dense limestones with many layers of 
black chert, 100-200 m. thick. The age is supposed to be Portlandian.” 

Burckhardt** thought that the enormous thickness near Tamazunchale re- 
ported by Heim was probably due to repetition of beds by folding or faulting. 
The area will have to be studied in more detail to determine whether the pro- 
posed formations are useful, or whether they can be designated by names used 
farther north. 

Late Upper Jurassic rocks are well exposed near Huayacocotla, northwestern 
Veracruz, and near Huauchinango, northern Puebla.® The lower Kimmeridgian 
is represented by gray or brownish marl with large nodules of marly or compact 
limestone that basally contain brackish-water mollusks and immediately above 
contain ammonites, including Suéneria of the group of S. platynota Reinecke. The 
overlying younger Kimmeridgian is represented by carbonaceous and bituminous 
black shale with nodules and beds of black limestone and contains many ammo- 
nites and the pelecypod Aulacomyella. The Portlandian is represented by red and 
gray marly shale containing bivalves, aptychi, and the ammonites Kossmatia 
and Durangites. 

The late Upper Jurassic rocks of southern Veracruz‘are described” as con- 


25 Muir, op. cit. (1936), pp. 15, 16. 
%6 Arnold Heim, “Notes on the Jurassic of Tamazunchale (Sierra Madre Oriental, Mexico),” 


Eclogae Geol. Helvetiae, Vol. 20, No. 1 (1926), pp. 84-86. rar 
, ‘The Front Ranges of Sierra Madre Oriental, Mexico, from Ciudad Victoria to Tamaz- 


unchale,” ibid., Vol. 33, No. 2 (1940), pp. 332-34. 
Ibid. (1940), p. 334- 
28 Burckhardt, op. cit. (1930), p. 90. 


29 Burckhardt, op. cit. (1930), pp. 91-93. 
Muir, op. cit. (1936), pp. 11, 12. 


260 Burckhardt, of. cit. (1930), pp. 97, 98. 
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sisting mainly of gray, brownish, or yellowish, platy, thin-bedded limestones but 
containing some black shale. They have furnished fossils of Kimmeridgian and 
Portlandian ages. Similar limestone higher in the section has furnished ammo- 
nites of lower Neocomian age. Specimens of Aulacomyella are particularly com- 
mon in the Kimmeridgian beds. 

North of Amoltepec in western Oaxaca occur black, thin-bedded limestone 
and carbonaceous shale that contain Jdoceras of the Kimmeridgian and are litho- 
logically nearly identical with the Jdoceras beds near Mazapil, Zacatecas.”* 

In the Cerro de la Virgen south of Tlaxiaco the Tithonian stage of the latest 
Jurassic is represented by bituminous, dark brown, marly shale that weathers 
whitish and contains many ammonites, pelecypods, and fish and plant re- 
mains.” 

The only place in southern Mexico where the contact of the late Upper Jur- 
assic beds with the underlying Oxfordian limestone has been observed is in the 
gorge of the Rio Vinasco near Hua:’acocotla, Veracruz. At this place the contact 
is abrupt, but the presence of lower Kimmeridgian ammonites suggests that a 
disconformity is not present. The contact with the Lower Cretaceous is apparently 
graditional, judging by descriptions of the beds near Huayacocotla and Cerra 
Pelén, Veracruz, and near Tlaxiaco, western Oaxaca. 

Correlation—The late Upper Jurassic beds of southern Mexico are similar 
lithologically to the La Caja formation of northern Mexico and probably could be 
designated by the same name (Table VI). Stratigraphically they are equivalent 
to the La Caja and La Casita formations, except that at Huayacocotla, Veracruz, 
occur beds containing lower Kimmeridgian ammonites that are not recognized 
in northern Mexico. Probably these lower Kimmeridgian beds, which basally 
contain brackish-water organisms, are equivalent to the gypsiferous Olvido for- 
mation of the Sierra Madre Oriental between Saltillo and Ciudad Victoria. 

Origin.—The dark carbonaceous and bituminous shale and limestone charac- 
terizing the late Upper Jurassic of southern Mexico probably have an origin simi- 
lar to that of the La Caja formation of northern Mexico. Burckhardt”® considered 
that most of these beds were “deposited in tranquil waters of the deeper part of 
the neritic zone,” as indicated by the abundance of ammonites and the rarity of 
benthonic forms. However, the presence of large quantities of mud, rather than 
depth, may have been the controlling factor. The unusual richness in bitumen 
and pyrite of the Portlandian deposits of the Tampico area, of southern Vera- 
cruz, and of western Oaxaca is ascribed by Burckhardt™ to deposition in quiet, 
stagnant waters of gulfs or bays more or less isolated from the Mexican sea. 

261 Flores, T., “Datos para la geologia del Estado de Oaxaca,” Bol. Soc. Geol. Mexicana, Tomo 5 


(1909), Pp. TTS. 
Burckhardt, op. cit. (1930), p. 99. 


262 Felix, op. cit., p. 141. 
Burckhardt, op. cit. 


263 Burckhardt, op. cit. (1930), pp. 72, 102. 


26 Thid., pp. 98, 104. 
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He notes that the tranquility of the waters is attested by the occurrence of com- 
plete fish skeletons and of united aptychal valves. 


CUBA 
SAN CAYETANO FORMATION 


Definition.—The San Cayetano formation was first defined by DeGolyer™® 
as follows. 

The Cayetano formation is a name suggested for the reddish argillaceous schists, 
phyllites, and shales with occasional sandstones and limestones which overlies the Vifiales 
limestones on the north and south flanks of the mountain range between Pinar del Rio 
and La Esperanza. The formation along the road connecting these two places is excellently 
exposed and consists of ridges of folded reddish schistose or slaty shales in its upper portion 
and very closely folded, crumpled, and faulted schists, sandstones, and limestones near 
its base. All of this formation is of red color with the exception of occasional beds of purple 
and blue shales and a heavy bed of gray limestone, which occurs several hundred feet 
above the base. 


Later work has shown that the San Cayetano formation where unweathered 
is normally dark-colored, and that it underlies the Vifiales limestone with angular 
unconformity. No type section was designated by DeGolyer. The town after 
which the formation is named is situated in northeastern Pinar del Rio Province 
on upper Cretaceous tuffaceous beds a short distance west of outcrops of the San 
Cayetano formation, according to geologists of the Atlantic Refining Company 
of Cuba. This distance from the outcrops does not disqualify the name, San 
Cayetano, as a formation name, although Dickerson” reports that the so-called 
San Cayetano formation is actually a group of formations. However, until de- 
tailed studies have been made, the San Cayetano formation may usefully include 
the highly folded, metamorphosed beds constituting the oldest rocks exposed in 
Cuba. 

Distribution and thickness.—The general distribution of the San Cayetano 
formation in Cuba has been indicated on a geologic map compiled by Lewis**’ and 
is discussed by him under the name Pinar schist. He says 

These schists, covered by a thin mantle of Tertiary gravel, compose most of the Isle 
of Pines. They also occupy most of the northwest half of Pinar del Rio Province, where 
they extend throughout the broad hilly region between Guane and the northwest coast, 
and can be traced continuously eastward through the valleys between, and the foothills 
on either flank of the Jurassic limestone mountains, the two ridges which lie between 
Pinar del Rfo and Vifales, and the hills lying between the Organos Mountains and the 
north coast. They appear in small patches as far east as Martin Mesa in Pinar del Rio 
Province. . . . Similar pine-land schists are also exposed over a large area in the eastern 
portion of the Trinidad Mountains in Santa Clara Province. . . . A belt of pre-Cretaceous 

265 EK. L. DeGolyer, “The Geology of Cuban Petroleum Deposits,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 2 (1918), p. 140. 

266 Personal communication. 

267 J. Whitney Lewis, “(Geology of Cuba,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16, No. 6 (1932), 
Pl. 1, opp. Pp. 534, PP- 534-36. 
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metamorphic rocks skirting the southern flank of the Sierra Nipe in Oriente Province is 
mentioned by Hayes, e¢ al., and steep-dipping pre-Jurassic schists in the Guantanamo 
basin in Oriente Province are reported by Darton. 


Schist, slate, limestone, and intrusive, basic igneous rocks occur in Oriente 
Province over a large part of the Eastern Highlands and in a narrow strip along 
the southern Coast, according to Taber** who considered them as probably of 
Paleozoic age or older. However, they might be part of the San Cayetano forma- 
tion. 

The distribution of the San Cayetano metamorphosed beds thus outlined has 
been somewhat modified by later work. Unpublished maps of the Atlantic Re- 
fining Company of Cuba show that the width of the surface outcrops in Pinar 
del Rio Province is narrower than indicated by Lewis. A published map by Ver- 
munt”® shows considerable detail of part of the area of outcrop in Pinar del Rio 
Province. A published map by Thiadens?’° shows the distribution of schist in 
southern Santa Clara Province. 

The San Cayetano formation in Pinar del Rio is reported by Lewis” to have 
an apparent thickness of 10,000 to 20,000 feet. Its thickness in southern Santa 
Clara Province is reported by Thiadens?” to be between 7,100 and 11,700 meters 
(23,000 and 38,000 feet). 

Stratigraphic and lithologic features—The San Cayetano formation of Pinar 
del Rio Province consists mainly of schist, slate, and phyllite, but includes a few 
units of quartzitic sandstone, quartzite, limestone, and marble. The limestone 
and marble are bluish gray. The phyllite, slate, and schist are in shades of purple 
or gray. The quartzite and quartzitic sandstone are gray, grayish brown, and 
reddish brown. Nearly all the argillaceous and arenaceous beds weather reddish 
brown.?” 

The San Cayetano formation of southern Santa Clara Province is described?“ 
as more metamorphosed than the same formation in Pinar del Rio Province and 
as consisting mainly of alternating units of mica-schist, and marble. It also con- 
tains some gneiss transitional in character to a quartzite. The schist is generally 
light greenish gray. The marble grades into limestone, is dark grayish blue, thin- 
to thick-bedded, and in part is quartz bearing. The gneiss is white to gray and 
coarse-grained. 


268 Stephen Taber, “Sierra Maestra of Cuba, Part of the Northern Rim of the Bartlett Trough,” 
Bull. Geol. Soc. America, Vol. 45 (1934), Pp. 574, 618. 

269 |. W. J. Vermunt, “Geology of the Province of Pinar del Rfo, Cuba,” Geog. Geol. Mededeel., 
Phys.-Geol. Reeks, No. 13 (1937), geologic map in back. 

270 A. A. Thiadens, “Geology of the Southern Part of the Province Santa Clara, Cuba,’ ibid. 
No. 12 (1937), geologic map in back. 

271 J. Whitney Lewis, op. cit., p. 554. 

272 Thiadens, op. cit., p. 7. 

273 DeGolyer, op. cit., p. 140. 

Lewis, op. cit., pp. 534-36. 

Charles Schuchert, Historical Geology of the Antillean-Caribbzan Region (1935), pp. 521-24. 

Vermunt, op. cit., pp. 12-15. 


274 Thiadens, op. cit., pp. 7-11. 
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The base of the San Cayetano formation is apparently not exposed. Its top 
is marked by an angular unconformity in the opinion of geologists?> who have 
done the greatest amount of field work. Evidence for an angular unconformity 
consists of the much greater degree of metamorphism and folding of the San 
Cayetano formation than of the overlying Vifales limestone,” and of the absence 
of certain Kimmeridgian and Portlandian faunas that should normally be pres- 
ent if the sequence were complete. Dickerson and Butt?’’ have shown that the 
described Argovian-lower Kimmeridgian fossils?”* are from the upper part of the 
San Cayetano formation. The writer?’ has shown that the fossils of the Vifiales 


limestone, even in its lowest beds, are of upper Portlandian age. Therefore, the 


unconformity between these formations must represent the lower Portlandian 
and most of the Kimmeridgian. 

CorrelationAmmonites obtained from concretions in the phyllites of the 
San Cayetano formation have been described by Sanchez Roig,?*° O’Connell,?* 
and Jaworski.?®* The ammonite collections of Sanchez Roig have been discussed 
by Burckhardt?” and Spath,?** who agree that their age is Argovian and perhaps 
also early lower Kimmeridgian. Jaworski*** considers that the ammonites repre- 
sent only the transversarium and bimammatum zones of the upper Argovian. 
The genera include Oppelia, Ochetoceras, Neoprionoceras, Glochiceras, Euaspido- 
ceras, Vinalesphinctes, Prososphinctes, Kranaosphinctes, Biplices, Ataxioceras, 
Discosphinctes, and Dichotomosphinctes. All these genera occur in the Argovian, 
and most of them do not range above it, but Ataxioceras and Discosphinctes at- 
tain their greatest development in the lower Kimmeridgian. None of the described 
species suggests an age as young as the zone of Idoceras balderum of the late lower 

275 Lewis, op. cit., p. 5 

Roy E. Dickerson pe Ww. H. Butt, “Cuban Jurassic,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19 
(1935), Pp. 116-18. 

276 Barnum Brown and Marjorie O’Connell, ‘Correlation of the Jurassic Formations of Western 
Cuba,” Bull. Geol. Soc. America, Vol. 33 (1922), pp. 644-54. 


Lewis, op. cit., pp. 534-36. 
Roy E. Dickerson and W. H. Butt, of. cit., p. 116. 


277 Ibid., pp. 116-18. 
278 M. Sanchez Roig, “La fauna jurdsica de Vifiales,” Secretaria Agr. Cuba Bol. Especial (1920), 


61 pp., 23 pls. 
Marjorie O’Connell, ‘The Jurassic Ammonite Fauna of Cuba,” Bull. Amer. Mus. Nat. History, 


Vol. 42 (1920), pp. 643-92, Pls. 34-38. 

279 R. W. Imlay, “Late Jurassic Fossils from Cuba and Their Economic Significance,” Bull. Geol. 
Soc. America, Vol. 53 (1942), pp. 1417-78. 

280 Sanchez Roig, op. cit. 

281 O’Connell, op. cit. 

2818 Erich Jaworski, “Oxford-Ammoniten von Cuba,” Neues Jahrb., Beilage-Band 83, Abt. B, 
Heft 1 (1940), pp. 87-137; 5 pls. 

282 Carlos Burckhardt, “Etude synthétique sur le mésozoique méxicain,” Abh. Schweizer. Palaeont. 
Gesell., Bd. 49, 50 (1930), pp. 61, 62. 

283 |, F. Spath, “Revision of the Jurassic Cephalopod Fauna of Kachh (Cutch),” Palaeontologia 
Indica, N. Ser., Vol. 9 (1931), pp. 400, 592, 593- 
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Kimmeridgian. The only known American fauna of approximately equivalent 
age and containing the same ammonite genera was found at San Pedro del Gallo 
in eastern Durango, Mexico.”* 

The presence of ammonites of Argovian-lower Kimmeridgian age in the San 
Cayetano formation does not mean that the entire formation is of that age. Con- 
sidering its reported great thickness, it may well include beds older than Argov- 
ian. If so, it might at depth include salt deposits similar to those in the Gulf re- 
gion of the southern United States and southern Mexico. The presence of a thick 
salt layer would have greatly facilitated the strong folding of the San Cayetano 
formation. However, if salt had been involved in the folding, some of it would 
surely have been forced to, or near, the surface and be evident to-day as salinas. 
Possibly Cuba was never the site of salt deposition because of its situation in 
the eastern part of the Gulf of Mexico where influx of normal marine water from 
the Atlantic Ocean might have prevented the Gulf waters from reaching a degree 
of salinity necessary for the precipitation of salt. However, Palmer®® states that 
there are several dome-like structures along the northern coast of Camaguey Province 
that appear to be salt domes. Some of these have the conventional radial dips, others are 
surrounded by low troughs that are suggestive of rim synclines. One has a low gravity*® 
in the central area. All rise out of a flat upper Tertiary terrace. 


Some of the geologists who have examined these structures are skeptical about 
their being caused by salt intrusion. 

The San Cayetano formation is very different from any of the known Jurassic 
formations of Mexico or the southern United States, with the possible exception 
of 2,080 feet of quartzitic sandstone, micaceous shale, and schist directly under- 
lying Upper Cretaceous limestone in the Ocala Oil Corporation’s Clark-Ray- 
Johnson No. 1 (commonly known as the York well), Sec. 10, T. 16 S., R. 20 E., 
Marion County, Florida. These partly metamorphosed beds were correlated by 
Campbell*** with the San Cayetano formation solely on the basis of lithology. 
However, the occurrence of Upper Jurassic in Florida is very probable, consider- 
ing the thick sequence of Upper Jurassic present in southwestern Alabama and 
in Cuba. Correlation of the metamorphosed beds of the York well of Florida 
with the San Cayetano formation is suggested by the occurrence of similar meta- 
morphosed Upper Jurassic, or possibly Upper Jurassic rocks in other lands in the 
eastern part of the Antillean-Caribbean region. Thus, the fossiliferous basal 
rocks beneath the Upper Cretaceous sediments in Jamaica and Hispaniola are 
said to be similar to the San Cayetano formation of Cuba and likewise to have 


284 Carlos Burckhardt, “Faunas jurassiques et crétaciques de San Pedro del Gallo (Etat de Du- 
ranso, Mexico),” Bol. Inst. Geol. Mexico, Nim. 29 (1912). 264 pp., 46 pls. 

285 Robert N. Palmer, ‘Geology and Oil Prospects of Cuba,” Proc. 8th Amer. Sci. Congress, Vol. 4 
(1942), Pp. 636, 637. 

286 Probably means that gravity survey indicated existence of a negative gravity anomaly. 

286 Robert B. Campbell, “Outline of the Geological History of Peninsular Florida,” Proc. 
Florida Acad. Sci., Vol. 4 (1939), PP. 92-94, 99, To. 
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been intruded by igneous rocks, principally diorite and granodiorite, before Upper 
Cretaceous time.?8> In the Northern Range of Trinidad occurs a thick sequence 
of calcareous, arenaceous and talcose schist, phyllite, and some limestone known 
as the Caribbean group.”*’ From a limestone unit in the upper part of the Carib- 
bean group have been obtained ammonites that Spath?* identified with Virgato- 
sphinctes of the group of V. transitorius (Oppel), which represents the Tithonian 
stage of the latest Jurassic. A little farther west in northeastern Venezuela the 
Caribbean group has been described by Hedberg*®® as follows. 

The Serrania de la Costa of the peninsulas of Araya and Paria in northeastern Venezuela 
is made up of metamorphic rocks which appear to be the westward continuation of those 
in the Northern Range of Trinidad. A north-south cross-section near Carfipano shows 
chloritic phyllites and some schistose quartzites grading southward (stratigraphically 
upward?) into dark, partially metamorphosed, thin-bedded, and laminated limestones 
and phyllites. Quartz veins are common throughout the whole series. These meta- 
morphosed rocks are in contact (supposedly fault contact) on the south with unmeta- 
morphosed Neocomian sediments. No fossils have yet been found in the metamorphosed 
limestones, but the writer is inclined to believe that they may be approximately equivalent 
to the Upper Jurassic limestones of Trinidad. The phyllites and schistose quartzites of the 
Serrania de la Costa probably correspond to horizons below the Jurassic fossiliferous lime- 
stone of the Northern Range. 


Hedberg,”*® also suggests that the metamorphosed rocks of the northern 
ranges of Trinidad and Venezuela may be the marine equivalents of the unmeta- 
morphosed redbeds of the La Quinta-Girén formation in western Venezuela and 
eastern Colombia. Such a westward change would be closely comparable with 
that which must exist between the San Cayetano formation of Cuba and redbeds 
in southern Mexico, or possibly between metamorphosed beds in Florida and 
the Eagle Mills redbeds of the southern United States. That the degree of meta- 
morphism lessens toward the west is shown in Cuba by the fact that the San 
Cayetano formation of Pinar del Rio Province is much less metamorphosed than 
the same formation in southern Santa Clara Province. 

These occurrences of partly metamorphosed Upper Jurassic rocks from Cuba, 
or perhaps Florida, southeastward to Trinidad and northeastern Venezuela, in- 
dicate the position of a zone of pronounced orogeny of Late Jurassic age. Hed- 
berg”*! summarized the evidence for late Jurassic orogeny in northern South 


286b See summary of occurrences by Charles Schuchert, Historical Geology of the Antillean-Carib- 
bean Region (1935), PP. 431, 432, 448, 455. 
287 Hollis D. Hedberg, “Mesozoic Stratigraphy of Northern South America,” Proc. 8th Amer. Sci. 


Congress, Vol. 4 (1942), pp. 201-03. 
H. H. Renz, “Stratigraphy a Northern South America, Trinidad, and Barbados,” zbid., pp. 519, 
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288 T,, F. Spath, “On Some Tithonian Ammonites from the Northern Range of Trinidad,” Geol. 
Mazg., Vol. 76 (1939), pp. 187-89. 
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America and suggested a correlation with the Nevadian orogeny of the Pacific 
Coast region. Studies in Cuba and the southern United States have shown, how- 
ever, that there were two times of orogeny, the most important occurring in the 
middle Upper Jurassic and the other at the end of the Jurassic. 

Origin.—The San Cayetano formation evidently originated as a marine sand- 
stone, shale, and limestone. Its great thickness and the presence of sandstone 
containing bivalves indicate deposition near shore. The source of the sediment 
must have been at the south in an Antillean land mass*” which was rising during 
the Jurassic and Lower Cretaceous. After deposition the formation was strongly 
folded and partly metamorphosed during the middle Upper Jurassic before dep- 
osition of the Vifiales limestone of latest Jurassic age. This orogeny apparently 
occurred simultaneously with the Nevadian orogeny of the Pacific Coast region, 
the Palisade disturbance of the Atlantic Coast region, and pronounced uplifts of 
positive areas in the southern United States and northern Mexico. 


VINALES LIMESTONE 


Distribution and thickness—The Vifiales limestone crops out in northern 
Cuba from westernmost Pinar del Rio Province to eastern Camagiiey Province,?® 
a distance of about 375 miles. Dickerson™ notes that the formation 


is exposed in the Organ Mountains, Pinar del Rfo Province; in several small outcrops in 
northern Matanzas Province; in a worn-down cordillera 120 miles long in northern Santa 
Clara Province and westernmost Camagiiey Province; and in a small area in north-eastern 
Camagiiey Province... [and]... probably underlies northern Havana Province as 
well. 


Dickerson thinks that it is probably absent in the subsurface of southern Cuba as 
indicated by lack of oil seepages and by its absence on the Isle of Pines. Its thick- 
ness has been variously estimated from 1,000 to 5,000 feet. A continuous section 
of 1,300 feet of Vifiales limestone is reported to occur in the low hills northwest 
of Sagua la Grande, Santa Clara Province. 

Stratigraphic and lithologic features—The Viiiales limestone, defined by 
DeGolyer®® for the massive appearing limestone in the central parts of the Sier- 
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ras Rosario and Organos, Pinar del Rio Province, has been described by the 
writer?” as follows. 


The Vinales limestone consists mainly of dark gray to black, fairly thin-bedded lime- 
stone but includes considerable amounts of dark shale and chert. The limestone is compact, 
generally not visibly crystalline, cut by a fine network of calcite veins, hollowed by many 
caverns and solution cavities, and weathered bluish or whitish. The chert is black, brown- 
ish-red, or purple and is generally much fractured. Biologically, the formation is charac- 
terized by many aptychi, rare and generally poorly preserved ammonites, abundant Radio- 
laria, and some plant material. Topographically, it weathers into vertical-walled masses, 
called mogotes, that rise abruptly to considerable heights above relatively flat-floored 
valleys underlain by schists and phyllites of the so-called San Cayetano formation. 


The Vifales limestone remains nearly uniform lithologically throughout its 
extent.?*7 Some asphalt is present in nearly all sections. Odlites occur locally in 
northern Mantazas and Santa Clara provinces. Quartz sandstone has been re- 
ported in the formation in Santa Clara Province. 

The Viiales limestone is apparently conformable with overlying, thick, tuff- 
aceous beds that are probably of early Upper Cretaceous age,?® but Dickerson*®? 
considers that formational distribution indicates an unconformable relationship. 

Correlation.—The upper Portlandian age of the Vifales limestone has been 
firmly established by a detailed study*” of its fauna. As the published evidence is 
readily available only a summary need be quoted. 


The Vifales limestone fauna is correlated with the Upper Portlandian on the basis of 
the ranges of its normally coiled ammonites and their similarity with species in the upper 
Portlandian of Mexico and Argentina. Genera not known below the upper Portlandian 
include Corongoceras, Micracanthoceras, Durangites, Lytohoplites, and Parodontoceras. 
Genera not known above the Portlandian include Metahaploceras, Physodoceras, and 
Durangites. Genera not known above the lower Tithonian include Corongoceras and 
Lytohoplites. 

Previous correlations with the Lower Cretaceous were based mainly on identity of 
aptychi and similarity of uncoiled ammonites to species in the Lower Cretaceous of 
southern Europe. Association of these forms with normal ammonites permits no doubt as 
to their Portlandian age and suggests that aptychi must be used with caution in detailed 
stratigraphic work. Nothing in the fauna suggests the Kimmeridgian or Tithonian stages.™ 
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Origin.— 

The Vifales limestone was deposited in quiet waters on the continental shelf according to 
Schuchert (1935, p. 514). This is indicated by its distinct and generally thin bedding, by 
some included plant debris, by its high bituminous content, and by the absence in most 
places of structure and texture suggestive of deposition in agitated waters. Deposition was 
probably in the deeper part of the neritic zone as indicated by the rarity of bottom-living 
mollusks, by the relatively much greater abundance of ammonites, by the scarcity of 
sandstones, and perhaps by the presence of some layers of Radiolaria-bearing chert. Local 
shallows subjected to considerable wave action are suggested by the presence of some 
odlites in northern Camagiiey and Santa Clara Provinces. Deposition must have been 
fairly rapid considering the great thickness of sediments that accumulated during a minor 
fraction of Upper Jurassic time.” 


The characteristics of the Vifiales limestone are so similar to those of the 
Portlandian beds of the Tampico, Chinameca, and western Oaxaca areas of south- 
eastern Mexico*® that a similar origin is indicated. The deposits of these areas 
include much platy, thin-bedded limestone, an abundance of bituminous ma- 
terial, many normally coiled ammonites and aptychi, and some uncoiled am- 
monites. As in Cuba, local shallows are suggested by some odlitic limestone in 
the Tampico area. 

GEOLOGIC HISTORY 


Orogenic movements near the end of the Triassic produced a sinking trough 
in the region of southern Mexico and northern Central America north of a rising 
land mass in the regions of Honduras and the southern parts of Gautemala, Chia- 
pas, and Oaxaca. The trough, recognized by Schuchert®™ as the western part of 
the Antillean geosyncline, received from 2,000 to 3,000.feet of continental de- 
posits along its southern margin during the Lower Jurassic and early Middle 
Jurassic, while at the same time farther north in the region of eastern Hidalgo 
and adjoining parts of Veracruz and Puebla about 1,300 feet of marine clay in- 
cluding some continental beds were being deposited. Marine waters entered the 
region of Veracruz early in Lower Jurassic time and spread westward and south- 
westward as a rather narrow embayoment that reached the region of northeastern 
Guerrero by late Lower Jurassic time. The marine invasion continued during 
the Middle Jurassic as shown by the change from dominantly carbonaceous or 
coarse littoral sediments in the lower part of the Middle Jurassic sequence to 
sublittoral and normal marine in the upper part in western Oaxaca and north- 
eastern Guerrero. The littoral and sublittoral character of most of the sediments 
and the excellent preservation of some of the plant material included in them in- 
dicate that marine waters probably did not occupy much area but probably oc- 
curred mainly as bays and lagoons. The climate of most of the Lower and Middle 
Jurassic must have been hot and humid, at least seasonally, as indicated by the 
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richness of the flora, the presence of considerable coal, and the dark color of the 
marine sediments. The red, brown, and yellow colors of some of the sandstone and 
conglomerate in the continental facies may have been inherited from older red- 
beds, or may have been produced by laterization during the Jurassic. If produced 
by laterization, they probably indicate alternating wet and dry seasons and rapid 
burial of sediments. As the bright-colored sediments are interbedded with dark 
carbonaceous and coaly sediments, they do not constitute evidence of aridity. 

During Upper Jurassic time, marine waters spread widely over both southern 
and northern Mexico, the southern United States, and the northern part of the 
Antilles (Fig. 14). Probably the northern part of Central America was also sub- 
merged, although no fossils of Upper Jurassic age have been found there. Thick- 
nesses of sediments deposited are in thousands of feet, ranging from 3,000 to 
7,000 in the southern United States, from 2,600 to 4,800 in northern Mexico, 
attaining at least 5,000 feet in southern Mexico, and reported to range from 10,000 
to 30,000 feet in Cuba. Part of the apparent great thickness in Cuba may have 
been produced by intense folding, or may represent beds older than Upper 
Jurassic. 

During the Callovian stage at the beginning of the Upper Jurassic the marine 
waters were still restricted to southern Mexico but were much more widespread 
than previously in the Jurassic. The deposits consisted of marine clay, lime mud 
and sand, mainly dark-colored and bituminous, and locally more than 2,000 
feet thick. The dark color and the considerable quantity of clay suggest that the 
surrounding land masses had a fairly humid ciimate. 

The Divesian stage apparently marks the first widespread marine transgres- 
sion of the Upper Jurassic. Beds assigned to this stage were deposited as rock salt 
probably averaging 600 to 1,000 feet thick, and some associated anhydrite and 
redbeds that grade shoreward into thick redbeds. The sequence of deposition 
generally consisted of gravel, red sandstone and shale, anhydrite, salt, and thin 
red sandstone and shale, but locally the basal gravels or the upper redbeds were 
omitted. This salt facies was deposited in northern Central America, southern 
Mexico, the southern United States, and perhaps in northern Cuba. A thick red- 
beds facies, at least partly of continental origin was formed throughout much of 
northern and eastern Mexico at apparently the same time as the salt facies. Both 
facies transgressed a peneplaned surface. The thickness and extent of the salt 
masses suggest that the entire Gulf of Mexico was a salt-depositing basin com- 
pletely enclosed except for a relatively narrow, shallow strait that probably con- 
nected with the Atlantic Ocean. This condition might have been produced by up- 
warping of the land masses bordering the southern and eastern margins of the 
Gulf of Mexico accompanying downwarping in the regions of Mexico and the 
southern United States. The climate must have beén extremely arid for several 
million years, probably during most of the Divesian stage, in order for such a 
large mass of salt and redbeds to accumulate. The material composing the red- 
beds was probably derived from the southern part of the Canadian shield, the 
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Appalachian region, geanticlinal areas in western and southern Mexico, and 
perhaps from outcrops of older redbeds in New Mexico, Oklahoma, and Texas. 

During Argovian time, and perhaps also during late Divesian time, the waters 
of the Gulf of Mexico and the Mexican sea became normally marine and trans- 
gressed farther inland, depositing lime mud in most places, but locally depositing 
considerable sand and gravel and some clay. Thicknesses of these beds range 
from a few hundred to a little more than 2,000 feet. In the salt basin, deposition 
of salt was succeeded gradationally by deposition of lime mud, or clay, or silt, in- 
dicating deepening of the sea and decrease in its salinity. In areas away from the 
salt basin, as in Mexico north of northern Puebla, the redbeds were overlain dis- 
conformably in most places by lime mud. In central Coahuila a local uplift gave 
rise to lenses of sand and grave! that interfingered seaward with nearly pure lime 
mud. In northern Louisiana considerable sand and some shale were deposited 
with lime mud. An eastward increase in the amount of sand across Louisiana 
indicates the position of a river which probably emptied into the Gulf in the region 
of northern Mississippi. Outside of these occurrences both nearshore and offshore 
deposits of Argovian time consisted almost entirely of lime mud now consolidated 
mainly to fairly thick-bedded limestone. Deposition in warm, shallow water is 
indicated by the thick-bedded character of the limestone and by the presence of 
beds containing many corals, gastropods, pelecypods, and brachiopods. The upper 
part of the limestone in the southern United States contains many odlites, which 
indicate very shallow, much agitated waters. The uniform appearance of the 
Argovian sediments throughout most of the Mexican geosyncline and the Gulf 
Coast geosyncline suggest a uniform arid climate, few rivers emptying into the 
sea, and few highland areas. Aridity plus the peneplained condition of the interior 
of the continent in early Upper Jurassic time probably account for the scarcity of 
rivers and consequently for the deposition of calcareous deposits near the shore- 
line. The few master streams that reached the sea would at times carry consider- 
able sand and mud, of which part would spread out laterally and be deposited on 
the seaward side of limestones that were forming along protected parts of the 
shore. Conditions in the northern Antilles during Argovian time are difficult to 
interpret, because the rocks of that age are partly metamorphosed and little 
studied, but at least in Cuba occurred deposition of marine clay, lime mud, and 
some sand that were derived from the south. Apparently, much more clay was 
deposited than elsewhere in the Gulf region. 

At the end of the Argovian and early in the Kimmeridgian the marine waters 
became shallower and retreated basinward, giving rise during their retreat to 
extensive stagnant bodies of water, in which were deposited from 50 to 1,000 
feet, or more, of anhydrite and redbeds that in most places grade downward into 
Argovian limestone through a thin dolomitic unit. In a few places the upper part 
of the limestone apparently was reworked by waves and incorporated into the 
basal beds of the overlying anhydrite. In the southern United States the gypsifer- 
ous deposits interfingered basinward into normal marine, dark-colored sediments. 
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In northern Mexico the lagoons apparently filtered out most of the sediments 
before they reached the sea, as lower Kimmeridgian deposits older than the beds 
characterized by Idoceras of the group of J. balderum (Oppel) have not been iden- 
tified by fossils, and if present are only a few feet thick. 

At the end of the deposition of anhydrite and redbeds of the early Kimmeridg- 
ian there occurred the most intense orogeny in North America since the Paleo- 
zoic. During the orogeny, which is commonly recognized as the Palisade disturb- 
ance in the Atlantic Coast region and the Nevadian orogeny in the Pacific Coast 
region, the continent was elevated into mountains along its western and eastern 
margins and into highlands locally in its interior. Highlands existed in the areas 
of the Ouachita Mountains, the Central Mineral region, the Diablo Plateau, the 
Coahuila Peninsula, the eastern margin of the Sierra Madre Oriental, and prob- 
ably in many other places. A gentle elevation of the interior of the continent 
drained the Sundance sea from the area of the United States and caused a tem- 
porary retreat of the waters of the Gulf of Mexico and of the Mexican sea. Orog- 
eny was expressed by extensive block faulting in the Atlantic Coast region and 
by strong folding and partial metamorphism in the Pacific Coast region as well 
as in a broad belt extending from Cuba, or perhaps Florida, southeastward to 
Trinidad and northeastern Venezuela. Perhaps the kind of orogeny was deter- 
mined by the degree of consolidation and stability of the rocks being compressed, 
as the Jurassic sediments of the Antilles and the Pacific Coast region would yield 
to compression much more easily than the Paleozoic rocks of the Atlantic Coast 
region. Metamorphism may have been induced in the Jurassic sediments by in- 
tense folding plus intrusions of magma and accompanying hot solutions; in the 
Antilles it varies markedly within short distances. Uplift throughout the con- 
tinent appears to have been nearly contemporaneous. All available evidence in- 
dicates that it began early in the Kimmeridgian and was complete by the upper 
Portlandian. 

Basinward retreat of marine waters along the northern margin of the Gulf of 
Mexico at the beginning of the orogeny was probably not more than 100 miles, 
judging by the distribution of conglomerate at the base of the Cotton Valley 
formation, and was apparently much less in the northern part of the Mexican 
sea. The duration of the retreat in these areas was a small fraction of lower Kim- 
meridgian time but was sufficient for considerable erosion of the shoreward parts 
of the older Jurassic beds, as the incoming sea of late lower Kimmeridgian time 
overlapped all the older Upper Jurassic formations onto late Paleozoic 
rocks in the northern parts of the Gulf of Mexico and the Mexican sea. In the 
region of Tampico in eastern Mexico it overlapped onto redbeds of probably 
Divesian age. Another basinward retreat of marine waters in the lower Portland- 
ian is indicated by an abundance of pebbly sandstone of that age in northern Mex- 
ico and by thick pebbly sandstone of probable lower Portlandian age in Arkansas 
and Louisiana. |Judged by the coarseness, thickness, and basinward extent of 
the conglomerates, this retreat was greater than that of the lower Kimmeridgian. 
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Marine waters of late Upper Jurassic time were limited landward by highlands 
formed during the orogeny but probably extended short distances inland between 
them. The deposits ranged in thickness from a few hundred to nearly 4,000 feet 
and consisted principally of clay and organic matter, but near shore considerable 
gravel and sand were derived from the bordering highlands. Nearshore deposits 
in the northern part of the Gulf of Mexico consisted principally of gravel, coarse 
sand, and variegated clay, which passed basinward, probably 75 miles from the 
shore, into bituminous clay, dense sand, and some lime mud. Nearshore deposits 
in the northern and eastern parts of the Mexican sea consisted of gravel, sand, 
carbonaceous clay, and some coal and gypsum, which passed basinward into 
bituminous clay and lime mud. Most of the coarse sediments were deposited 
during the Kimmeridgian and Portlandian. In the southern part of the Mexican 
sea the late Upper Jurassic deposits consisted of carbonaceous and bituminous 
clay and lime. The characteristics of the sediments indicate that the margins of 
the Mexican sea were bordered by lagoons in which carbonaceous, gypsiferous, 
and coaly deposits accumulated, and that there were many gulfs, or bays, whose 
stagnant waters favored the accumulation of bitumen and iron sulphide. In the 
area of Cuba, marine waters retreated early in the Kimmeridgian and apparently 
did not return until late Portlandian, when they covered at least the northern 
part of the island. The sediments of the late Portlandian in Cuba consisted mainly 
of thick bituminous lime mud and clay, very similar in composition to equivalent 
sediments in southern Mexico, and, like them, were probably deposited mainly 
in quiet waters of the deeper part of the neritic zone. The climate of the late 
Upper Jurassic (Kimmeridgian to Tithonian) must have been more moist than 
earlier in the Upper Jurassic or later in the early Lower Cretaceous, as the sedi- 
ments are much darker and contain more organic matter. 

At the end of Jurassic time marine waters retreated basinward slightly along 
the northern margins of the Gulf of Mexico and the Mexican geosyncline but 
returned early in the Lower Cretaceous. The extent of the retreat, judged from 
the distribution of conglomerates at the base of the Lower Cretaceous in Ar- 
kansas, was probably not more than 50 miles and was much less than during the 
early Kimmeridgian. In Cuba the sea withdrew entirely and apparently did not 
return until late Lower or early Upper Cretaceous. Whether the strong folding 
of the late Upper Jurassic Vifiales limestone of Cuba occurred at the end of the 
Jurassic or at the end of the Lower Cretaceous is not known, but the thick section 
of Lower Cretaceous rocks in southwestern Alabama shows little evidence of 
renewed uplift in southeastern North America at the beginning of the Lower 
Cretaceous. Rather, it shows continuous erosion of the mountains and highlands 
formed during the Palisade disturbance until they were worn to a peneplaned 
condition early in the Upper Cretaceous. Thus was formed the Fall zone pene- 
plain, which in some places may obliterate an older peneplain across which the 
Upper Jurassic seas transgressed. 
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OIL POSSIBILITIES OF JURASSIC FORMATIONS 
SOUTHERN UNITED STATES 


Upper Jurassic rocks of the southern United States have produced oil and gas 
only in Arkansas and Louisiana. The Cotton Valley formation has been a minor 
source of oil from sand lenses in a few fields near the Arkansas-Louisiana border. 
The Smackover formation has been a major source of oil and gas in southern 
Arkansas and a minor source in northern Louisiana. Most of the production from 
the Smackover formation has come from its porous, odlitic upper member south 
of a major fault zone that is generally considered to be a continuation of the Bal- 
cones fault zone. However, the discovery of highly saturated odlitic limestone in 
the Midway field of northern Lafayette County, Arkansas, shows that the 
Smackover formation north of the fault zone contains commercial quantities of 
oil, at least locally.8 This discovery has stimulated exploration for oil in the 
marginal areas of the Smackover formation of Arkansas and eastern Texas in 
search of stratigraphic, or shoreline traps, although all production to date from 
the Smackover formation is from structural traps. Factors favoring new dis- 
coveries of oil in the Smackover formation in the Gulf region are (1) the per- 
sistence of the porous oélitic upper member for great distances, (2) the high rate 
of discovery of new fields, and (3) the large, persistent production and considerable 
reserves found in the formation in Arkansas. The main areas within reach of the 
drill are in a zone 10 to 30 miles in width extending from southern Arkansas and 
northern Louisiana southwestward to the vicinity of Del Rio, Texas, approxi- 
mately parallel to the Balcones fault zone. East of Arkansas small areas of uplift 
in Mississippi, Alabama, and perhaps western Florida are worth testing, but 
throughout most of the region east of the Mississippi the Smackover formation 
lies at excessive depths for drilling at the present time. Since there are a large 
number of fields producing from the Jurassic rocks of southern Arkansas and 
northern Louisiana, it would be extremely surprising if Jurassic rocks were not 
productive elsewhere in the southern United States. 


MEXICO 


No oil has been produced from the Jurassic rocks of Mexico, but the presence 
of commercial quantities of oil is suggested by the similarity of the sequence of 
Jurassic formations to that in the southern United States, by the high bituminous 
content of many beds of Lower, Middle, and Upper Jurassic age, by good show- 
ings of oil in late Upper Jurassic limestone in several wells near Tampico, and by 
the presence of an oil seepage near Virgenes in southern Nuevo Leon.*% Upper 
Jurassic rocks have been considered a possible source for some of the oil of the 
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northern fields of the Tampico region.*” Possibilities of commercial production 
would probably be limited to coastal areas, as Jurassic rocks of the Mexican 


Plateau are generally strongly folded. 
CUBA 


The Viifiales limestone of late Upper Jurassic age is believed to be a favorable 
source of oil for commercial production in Cuba. It is highly bituminous, contains 
asphalt impregnations at many places, is associated with oil seeps, crops out over 
a distance of about 375 miles along the northern part of the island, and probably 
has an extensive development in the subsurface. It is believed to be the source 
of the many seeps occurring in various parts of Cuba, of several large asphalt 
deposits, and of the small commercial production from serpentine masses in 
Havana and Santa Clara provinces.®°° Development of oil fields must await a 
drilling program to test structures already outlined by geological and geophysical 


studies. 
ADDITIONAL NOTES 


1. Salt has been cored in the lower hundred feet of the Buckner formation of northeast 
Texas in the Humble Oil Company’s Graham well No. 1 in the Weiland field, Hunt 
County, and in the Sun Oil Company’s Rutledge well No. 1 near Elmo, Kaufman County. 
It is associated with red sandy shale as interbeds, as veinlets, and as disseminated particles. 
It is probably indigenous to the Buckner formation as shown by its interbedded relation- 
ships with red shale, by its occurrence at the same stratigraphic position in two wells, and 
by the underlying Smackover formation being normally developed where penetrated in 
the Graham well. A possible extension of the Buckner salt toward the east is suggested by 
the character of the electric log of the J. B. White e¢ al. Jackson well No. 1, Franklin 
County, Texas. Salt may occur in the Buckner formation of Arkansas because Fred Swain 
of the Phillips Petroleum Company has noted hopper-shaped impressions in cuttings from 
that formation. As the Buckner formation grades basinward into normal marine beds, the 
Buckner salt must have been deposited in marginal lagoons bounded basinward by bars 
that probably marked the positions of rising structural swells during Smackover and 
Buckner time. The 500 to 800 feet of the Buckner formation in the three wells mentioned 
show that the bottoms of the lagoons were sinking considerably during Buckner time and 
that the marginal bars were rising correspondingly. The occurrence of salt is excellent 
evidence that an extremely arid climate prevailed during Buckner time. 

2. Additional evidence for the widespread distribution of early Upper Jurassic salt 
in southern Mexico is afforded by the records*? of salt springs and mines in northeastern 
Guerrero, eastern Michoacan, and the southwestern part of the State of Mexico. 

3. Several petroleum geologists have mentioned to the writer the remarkable simi- 
larities between the Upper Jurassic sequence in Colombia, Bolivia, and Peru with the 
Upper Jurassic sequence in the southern United States. Apparently in these South Ameri- 
can countries, a thick mass of salt at the base of the sequence is overlain by a limestone 
similar to the Smackover limestone and then by several thousand feet of redbeds similar 
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to the Schuler redbeds of the Cotton Valley formation. Farther south in Argentina the 
published records show that marine beds of Callovian age are overlain by a thick mass 
of gypsum that is overlain by marine beds of Kimmeridgian to Tithonian age. The faunas 
of the marine beds resemble equivalent faunas in Mexico and some species appear to be 
identical. Apparently the Upper Jurassic histories of the two continents were not very 
different. 
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GEOLOGICAL NOTES 


MEASUREMENT OF DIP ANGLES ON 
AERIAL PHOTOGRAPHS! 


LOUIS DESJARDINS? 
Edmonton, Alberta, Canada 


In mapping appreciably dipping beds on aerial photos under the stereoscope, dip-and- 
strike symbols are customarily used. The directions of both dip and strike are ordinarily 
obvious, and actual dip slopes on the rocks or in the topography are commonly seen. 

Any attempt to estimate the angle of dip in these cases, will usually miss the mark 
widely. This is due to pitfalls of exaggerated relief and distortion in the stereoscopic view 


My, 
—— 
2 a a 


Fic. 1. 


of photographs. Not even when one has studied the photogrammetric theory of these 
exaggerations and distortions does one readily give up the tendency to “believe one’s 
eyes.”’ A dip slope which one clearly sees to be 45° will not be readily estimated at only 
15°, which it probably is. 

Accurate estimates or measures of dips seen under the stereoscope are just as valuable 
and desirable as those measured in the field, and serve the same purposes of determining 
accurate structure. The following procedure will allow dip to be measured on photographs 
to an accuracy of within a degree. The requirements are a parallax bar or equivalent,’ and 
a good slide rule. 

Let Figure 1 represent a pair of photos on which a hogback‘ presents a good dip slope 
whose dip can be measured between the two points T (top) and B (bottom). P; and P2 
are respective principal points (centers) of the photos, transferred to Pi’ and P,’. 


1 Manuscript received, August, 1943. 
2 Aero-geologist. Postoffice Box 129. 
3 Metric scale permitting close readings, say to soths of a millimeter. 


* The draftsman has inadvertently pictured this “hogback” in ordinary perspective rather than 
in that proper for vertical photographs, as intended. 
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In the formulas here given, the following terms are used. 


S =Scale indicator. Average scale of photo is ratio 1:8. 
s=scale in feet, average scale of photo is 1” =s’; hence, S =12s. 
b =photo base, average of P,P.’ and P;’P». 
p =parallax, difference between 7:72 and B,B2, each read with parallax bar to soth 
of mm. 
f =focal length of camera (all formulas containing f assume contact prints). 
A =Altitude of camera taking photo. 
d =angle of dip of slope from T to B (angle made with horizontal). 
v=horizontal distance from T to B on average scale of photo (for accuracy, must 
be found by radial-line intersection). 
K =average feet elevation equivalent of 1 mm. of parallax on the pair of photos in 
question. 
H =difference in elevation between points T and B. 
E=known difference in elevation between any two points near each other on the 
photos in question.® 
pe =parallax of E. 
q=length of any known horizontal distance (base line) on the photos in question or 
other photos approximately the same scale. 
Qm = corresponding length of g on a map of scale 1:Sn. 


The geologist uninitiated in matters of photogrammetric theory will be tempted to 
use the average of 7:B, and T2Bz as the value for v. This average will be approximately 
correct only in certain parts of the common overlap area, and then according to the 
orientation of the two points. It is approximately correct regardless of orientation when 
the dip surface is about midway between P; and P:2. TB, gives the measure when occurring 
approximately at P; and T2Bz gives it when occurring at P2. In the position shown in 
Figure 1, the measures of both T7,B,; and T2B2 (hence their average) are too large, because 
in both cases the viewpoints of the photos face the dip slope, displacing the top 7, out- 
ward. The value of v should be found as follows. Lay a sheet of tracing paper over the 
left-hand photo, mark P; and P,’, and draw rays from P, through P.’, T;, and B,. Lay 
this next over the right-hand photo so that the points marking P; and P,’ coincide as 
nearly as possible with Pi’ and P2, respectively; then draw rays from P2 through T2 and 
By». The intersection of rays T; and T2 may be called T and the intersection of rays Bi 
and Bz may be called B. TB is v. 

Several formulas are here given for d to enable the user to select the one which contains 
the terms most readily available in the data at hand. No. 1 is the preferred formula, re- 
quiring the focal length f, and when much work is being done on a series of photos, it is 
worth while to inquire from the photo laboratory supplying the prints, the value of f in 
the series of photos in question.® Formulas using either altitude or scale lose in reliability 
as individual photos may deviate from the average of a flight. In each formula the units 
are indicated, these being the ones most commonly used in each particular case. 


5 Should be within half-inch of each other on unrectified prints, in order that measurement of p, 
i be comparatively free from error due to tilt. In fact will also contain such error if v is con- 
siderable. 


12 E(ft) 6(mm) 
S p-(mm) 


errors usually present in some of the factors, especially -. See last footnote. 


6 As a check, f (in)= . This will seldom give a precise value for f because of 


; 
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To quickly enable one to select the right formula the following key is provided. 
f known 
H or K unknown (1) 
H and K known (6) 
f unknown 
S or s known 
H unknown 
A known (2) 
A unknown 
K known (4) 
K unknown (5) 
H known (3) 


S and s unknown: Substitute gmSm/q for S in foregoing group. 
Formulas for d: (derivation given at end). 


_ 25.4 f(in) p(mm) 
tan d = (1) 


304.8 A(ft) 25.4 A(ft) p(mm) (2) 
S v(mm) b(mm) s(ft) o(mm) b(mm) 
_ 304.8 H (ft) 25.4 H(ft) 
mee S v(mm) s(ft) »(mm) (3) 
304.8 K(ft) p(mm) 25.4 K(ft) (mm) 
vam) @) 
304.8 E(ft) p(mm) 
25.4 f(in) H(ft) (6) 


K(ft) o(mm) 


The value of d may be found on most slide rules, or in trigonometric tables. Slide-rule 
use is recommended, since every one of the foregoing formulas permits simple solution, 
by use of A and B, or C and D scales to get the value of tan d, and T, or ST scale to 


get the angle itself. 


TABLE I 
Values Slide-Rule Scales to Use? 
D-ST? D-T DI*-T DI*-ST* 
I -I.5 0}°-1 6°- 9 45°-56 84°-86 
1.5-3 I-2 9-17 56 -72 86 -88 
3 -S 17-27 72 -79 88 -89 
3-4 27 -35 79 -82 89 
7 -9-9 4 -6° 35 82 -84° 89 -893° 


1 Disregarding decimal point. 

2 Placing indexes opposite each other, unless otherwise specified. 

3 In absence of ST scale, and when S scale is 2-cycle, substitute A and S scales for D and ST. 

“In absence of DI scale, place index of T scale opposite the value of tan d on the D scale, and 
read the T (or ST) scale at the index of the D scale. In absence of both DI and ST scales, use 


A and S scales in this same manner. 
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It is not necessary for one to attempt to record decimal places in this computation, 
in most cases, as the correct angular value of d is ordinarily apparent from the slide rule. 
This is because all the different angles having the same tangent, except for the position 
of its decimal point, are far enough apart in value that ordinarily all but one will be 
eliminated at first inspection. (This is not true of angles within a half degree of 0° or go°.) 
Table I facilitates selecting the right angle among the several! possibilities. 

For example, suppose that the slide-rule computation gives a value for tan d of 637, 
without regard to the decimal point. From Table I, d must be a very small angle between 
3° and 4°, a moderate angle 27° to 35°, a steep angle 79° to 82°, or nearly vertical, 89°. 
(It can also be one of an infinite number of angles close to 0° or go°.) The inspection of 
the apparent slope under the stereoscope, let us say, will indicate that the range from 27° 
to 35° is the only one likely. Hence, we find the value of 323° opposite 637, using the 
scales indicated at the top of the column. 

Derivation of formulas——The formula relationships of the terms f, ~, b, and K are 
given in the writer’s paper “Contouring and Elevation Measurement on Vertical Aerial 
Photographs” being published currently in Photogrammetric Engineering. 

Figure 2 shows the fundamental relationships-of angle d. 


r 


In this figure 


Hence 


V is represented on the photo by 2. 
v(mm) = 304.8 2(ft) or 


304.8 
Since 
V(ft) = S o(ft), 
V (ft) = So(mm) 
04.8 
Hence 


_ 304.8 H(t) 


tan d = han (3) 


It will be obvious from definitions of K and p that 


BO) 
K(ft) 1(mm) 
Hence 


H(ft) = K(ft) p(mm). 


Fic. 2 

H 

tand=—- 

V 

tan d = ——-- 

V (ft) 
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So 
S v(mm) 
From a formula given in the other paper mentioned, 
f(in)S 
a2 b(mm) 


Hence, after substituting in the last and cancelling, 


25.4 f(in) p(mm) 
Since 
I2 
S,  f(in) = 
Hence 
304.8 A(ft) p(mm) (2) 


S o(mm) b(mm) 


From the relationship previously given of H, K, and 2, 


H(f 
p(mm) = 
and, substituting in (1), y 
tan = — H(ft) (6) 


K(ft) 0(mm) 


The same relationship of K holds true with any other height E and its corresponding 


parallax .; hence, 
K(ft) p-(mm) 


Substituting in (4), 
304.8 E(ft) (s) 
S pe(mm) »(mm) 


Corollary: to determine a point on a photo where a bed of known dip will reappear, 
or trend, when angle of dip at a known outcrop is supplied from field notes. In other words, 
angle d is given, and it is desired to determine 2, which will locate a second point on the 
photo at a higher or lower elevation where the bed should occur. Formulas for determining 
v(mm) are made in all cases by transposing the formulas already given, and the proper 
oné to use is found by the same key already given. These formulas are: 


_ 25.4 f(in) p(mm) 
304.8 A(ft) p(mm) 25.4 A(ft) (mm) (2) 
S b(mm) tan d s(ft) b(mm) tan d 
_ 304.8 H (ft) 25.4 H(t) 
Stand s(ft) tan d (3) 
304.8 K(ft) p(mm) 25:4 K(ft) p(mm) (4) 
Stand s(ft) tan d 
304.8 E(ft) p(mm) 
S p.(mm) tan d (s) 
25.4 f(in) H(ft) (6) 


K(ft) b(mm) tan 
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STRATIGRAPHY OF DEEP WELL IN HARRISON 
COUNTY, WEST VIRGINIA! 


JAMES H. C. MARTENS? 
Morgantown, West Virginia 


INTRODUCTION 


The C. S. Gribble No. 1 (serial No. 8517) of the Hope Natural Gas Company, com- 
pleted on April 10, 1941, is the first well drilled for oil and gas in West Virginia with rotary 
tools, and one of the very few rotary wells in the whole Appalachian region. With a total 
depth of 10,018 feet, it is also the deepest well in the Appalachian area. 

This well is located 1.3 miles east of Lost Creek and 8 miles south of Clarksburg, in 
Grant District, Harrison County, West Virginia, at an elevation of 1,113 feet. According 
to the structure-contour map? based on the Pittsburgh coal, the well starts about 350 feet 
below the Pittsburgh coal horizon, and is located 0.9 mile west of the top of a local dome 
on the Chestnut Ridge anticline and about 100 feet below it structurally. 

The drilling of the Gribble well has recently been described by Simons.4 

The first 173 feet was drilled with cable tools, and 16-inch casing was set. Rotary 
drilling was started, July 4, 1941, with 133-inch hole. At 985 feet 102-inch casing was set 
in the Mauch Chunk shale and cemented, and the hole was reduced to 9} inches. This 
size was carried to 9,902 feet where it was reduced to 9g inches. Beginning at 173 feet, 
samples were taken at 5-foot intervals from the material caught on a vibrating screen 
through which the returning mud was passed. Due to leakage around the 16-inch casing 
and consequent contamination by surface materials, the samples down to 985 feet are 
not very good. 

W. W. Mayfield, of the geological staff of the Hope Natural Gas Company, lived at 
the well practically all the time while it was being drilled and kept careful watch of the 
rate of drilling and of the materials drilled through. Depths were corrected for intervals 
drilled through while mud was returning to the surface, but because of the fairly slow rate 
of drilling, most of these corrections were small. 

The section as described is based on the writer’s examination of drill cuttings, sup- 
plemented in places by the record from the Hope Natural Gas Company. The West 
Virginia Geological Survey is indebted to the Hope Natural Gas Company for the gift of 
a set of drill cuttings and a part of the cores from this well, for opportunity to examine 
the rest of the cores, and for a liberal policy in giving out information about the well. 


STRATIGRAPHIC SUMMARY OF C. S. GRIBBLE WELL, 
Harrison County, WEST VIRGINIA 


Depth Thickness 
in Feet 
Pennsylvanian System 

280 280+ Conemaugh formation. No samples above 173; below that, mostly gray to 
brown sandstone and gray to green sandy shale 

505 225 ~ Allegheny formation. Mostly gray to green sandy shale and gray sandstone 

870 365 sige en formation. White to gray sandstone and gray to black shale and 
siltstone 


1 Manuscript received, September 15, 1943. Published by permission of Paul H. Price, State 
geologist. 

2 Mineralogist, West Virginia Geological Survey. 

3 Ray V. Hennen and David B. Reger, “‘Geologic Map of Harrison and Doddridge Counties,” 
West Virginia Geol. Survey (1912). 


4 Harry F. Simons, “West Virginia Holds Record for Appalachian Deep Drilling,” Oil and Gas 
Jour., Vol. 40, No. 4 (June 5, 1941), pp. 58-59, 144-45. 
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Depth _ Thickness 


in Feet 
Mississippian System 

1,155 285 Mauch Chunk group. Red, gray, and green shale and light green sandstone 
and siltstone; gray fossiliferous limestone (“Little lime”) from 1,113 
to 1,123 

1,330 175 Greenbrier limestone 

1,618? 288? Pocono formation. Gray and green shale and siltstone and white to gray 
sandstone 

Devonian System 

1,800 182? Uppermost Devonian. Gray and green shale and white, light gray, and 
light green sandstone 

1,995 195 Hampshire (Catskill) formation. Red, gray, and green shale and siltstone 


and white, gray, and green sandstone 

6,780 4,785 Chemung and Portage formations. Gray, green, and black shales; gray, 
brown, and grayish green siltstone; white, gray, and green sandstones. 
Texture is finer and color darker nearer bottom of interval 


6,805 25 Tully limestone. Brown, very fine-textured limestone and dark gray to 
black shale 

7,055 250 Hamilton shale (including Marcellus if present). Dark gray to black shales 
with small amount of brown limestone 

7,290 235 Huntersville chert (Onondaga limestone). Brown to gray chert with much 
smaller amount of brown impure limestone. Much of chert is silty 

7,400 II0 Oriskany sandstone. Gray to brownish calcareous sandstone; finer and 
darker nearer bottom 

7,785 385 Helderberg group. Mostly brown limestones with considerable amounts of 


chert, silt, and sand 


Silurian System 

9,179 1,385 Salina and Lockport formations. Brown to gray limestone and dolomite, 
much of it with small to large amounts of anhydrite. Salt from 8,036 
to 8,042 and 8,071 to 8,138 

9,747 577 Clinton formation. Predominantly grayish red and grayish green shale. 
From 9,170 to 9,193 there is gray shale and siltstone probably represent- 
ing Rochester shale and from 9,193 to 9,198 is red odlitic hematite. 
Showing of gas in sandstone at 9,665 to 9,685 

9,996 247 Albion (White Medina or Tuscarora) sandstone. Fine, white quartzitic 
sandstone, partly interstratified with dark gray shale 


Silurian or Ordovician System 
10,018 22+ Queenston shale. Red silty and micaceous shale 


PENNSYLVANIAN 


On account of the lack of samples from the first 173 feet, and the contamination of 
the samples to a depth of 985 feet, no detailed correlation of the Pennsylvanian formations 
based on the samples themselves is possible. Records of near-by wells, especially C. S. 
Gribble No. 1 of the Lost Creek Oil and Gas Company,’ made it possible to assign approxi- 
mate formation boundaries as given in the stratigraphic summary. 


MISSISSIPPIAN 


The thickness of 285 feet here assigned to the Mauch Chunk group agrees fairly well 
with that indicated by records of near-by wells, and both the top and bottom of the 
Mauch Chunk are clearly defined. The limestone between 1,113 and 1,123 feet in this well 
is recognized in a large proportion of the wells drilled for oil and gas in West Virginia, and 


( . 4 V. Hennen, “Report on Doddridge and Harrison Counties,” West Virginia Geol. Survey 
1912), Pp. 124. 


| 


GEOLOGICAL NOTES 1541 


is called the “Little lime.” It is probably to be correlated with the Glenray® limestone of 
southern West Virginia. A soft gray and green shale between the “Little lime” and the 
top of the Greenbrier is also of wide extent and is known by drillers as the “Pencil Cave.” 
It corresponds with the Lillydale shale of outcrop sections. The members of the Mauch 
Chunk above the “Little lime” in this well have not yet been definitely correlated with 
those on the outcrops. 

In a general way the section of the Greenbrier limestone (drillers’ “Big lime’’) is very 
similar to that at Greer, Monongalia County, described by Tilton.” Calcareous and dolo- 
mitic sandstone and sandy limestone from 1,290 to'1,330 feet correspond with the Loyal- 
hanna limestone of southwestern Pennsylvania. The Loyalhanna is here included with 
the Greenbrier. 

Records of wells in the vicinity of the Gribble well invariably report the presence of 
the Big Injun sand, which in much of West Virginia immediately underlies the Greenbrier 
limestone. The thickness given is commonly between the limits of 100 and 140 feet. The 
thickness of the “Big lime’”’ or Greenbrier reported in many wells in this district ranges 
from 53 to 104 feet and apparently never approaches 175 feet as actually found in the 
Gribble well. It may be considered certain that various sandy zones in the Greenbrier 
have been reported as the top of the Big Injun sand, thus accounting for too small a re- 
ported thickness of Greenbrier. The true Big Injun sand is definitely missing from this 
well, but the combined thickness of “‘Big lime” and Big Injun as reported by drillers for 
near-by wells is not far from the actual thickness of the Greenbrier. The Big Injun sand 
of northern West Virginia and southwestern Pennsylvania is lower Mississippian in age 
and occurs beneath the unconformity at the base of the Greenbrier (base of Loyalhanna 
in Pennsylvania). This unconformity can be located by sample examination in practically 
all wells drilled through it. It has been found that the true Big Injun sand is much less 
extensive than drillers’ records indicate. 

The Mississippian-Devonian boundary is very doubtfully placed at the base of a 
prominent sandstone at a depth of 1,618 feet. There is no definite proof that this sandstone 
is equivalent to the Berea, which is generally considered as marking the base of the 
Mississippian in West Virginia. 


DEVONIAN 


The interval in which Upper Devonian redbeds occur has decreased from about 400 
feet in the Summit gas pool, Fayette County, Pennsylvania, and 384 feet at Greer, 
Monongalia County, West Virginia, to 195 feet at the Gribble well. 

A limestone from 6,755 to 6,789 feet is tentatively correlated with the Tully. If the 
identification of the Tully in this well and others east and west of it is correct, it provides 
a definite marker for the base of the Upper Devonian and indicates a thickening of the 
shales of the Hamilton group from 121 feet in the Lewis Maxwell well, 27 miles west and 
a little north of the Gribble well, to 250 feet at the Gribble well and 470 feet at the Endress 
Hartman well, 30 miles east and a little south. The corresponding interval is 248 feet or 
a little less at the L. L. Smith well 63 miles northwest of the Gribble well. Whether or not 
this limestone is actually the Tully it should provide a useful key bed for deep drilling in 
northern West Virginia. It appears to be absent from the areas of Oriskany sand produc- 
tion in Jackson and Kanawha counties. 

The Huntersville chert, which is stratigraphically equivalent to the Onondaga lime- 
stone, is 235 feet thick. This is between the thicknesses in the two nearest wells which have 


6 David B. Reger, “Mercer, Monroe, and Summers Report,” West Virginia Geol. Survey (1926), 
PP- 432-37. 

7 John L. Tilton, “Geology from Morgantown to Cascade (W. Va.) along State Route No. 7,” 
West Virginia Univ. Bull., Ser. 29, No. 3 (1928), pp. 65-86. 
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penetrated it on the east and on the west. In that it consists to a large extent of silty and 
non-calcareous or only slightly calcareous chert it resembles the sections in the two wells 
on the east in Randolph County, West Virginia, and several wells in the Summit gas pool 
in Fayette County, Pennsylvania. The Gribble well had no showings of gas in this chert, 
which contains the main gas “pay” of the Summit gas pool.® 

The top of the Oriskany sandstone is, as typical, sharply defined. Most of this sand- 
stone is highly calcareous. Cores show abundant fossils and some part might be called 
sandy limestone rather than sandstone. There was a showing of gas from a coarse porous 
streak in the Oriskany, but shooting the well failed to result in commercial production. 
Although the bottom of the Oriskany is tentatively placed at 7,400 feet, there is no well 
defined break at this depth, but rather a gradual transition from calcareous sandstone 
above to a silty and sandy limestone below. 

The Helderberg group, beneath the Oriskany, consists of limestones of varying degrees 
of purity with some calcareous shale, siltstone, and sandstone. Its exact limits are not 
always easy to determine on the outcrop, so there is still more uncertainty about their 
location from rotary drill cuttings. In comparing the section in the Gribble well with that 
in the Lewis Maxwell well in Doddridge County, it should be noted that re-examination 
of the samples from the latter well shows that the base of the Helderberg should be shifted 
downward from the position previously given,® making the thickness 322 instead of 278 
feet, with a corresponding reduction in thickness of the Silurian limestones below. 


SILURIAN 

From the Devonian downward into the Silurian there is a change from rather ob- 
viously crystalline and fossiliferous limestone to very fine-textured, thin-bedded limestone 
with few if any fossils. Farther west in West Virginia, as well as in much of eastern Ohio, 
dolomite occurs at the top of the Silurian and makes the boundary much easier to locate. 
The interval from 7,785 to 9,170 feet includes the stratigraphic equivalents of the Salina 
and Lockport of New York, the Tonoloway, Wills Creek, and Mackenzie formations of 
Maryland, and the Bossardville, Rondout, and Niagara limestones of West Virginia. 
Definite formation boundaries can not be placed satisfactorily within this interval. The 
rocks encountered appear to be transitional between those penetrated in deep wells in 
eastern Ohio and those cropping out along the Allegheny Front in Maryland and West 
Virginia. The known extent of the Silurian salt deposits is increased considerably by the 
drilling of this well. Groups of anhydrite crystals, released by solution of salt, were found 
in a large proportion of the samples taken after the salt beds were passed through. The 
contact between limestone and shale located at 9,170 feet corresponds with the bottom 
of the “Big lime” of Ohio. . 

This well shows an exceptionally thick section of 247 feet correlated with the Clinton 
sand of Ohio, the Albion sandstone of New York, the Tuscarora of central Pennsylvania, 
and the White Medina of eastern West Virginia. The sandstone is mostly quartzitic, with 
no indication of the presence of porous zones. 

The well stopped at 10,018 feet after penetrating 22 feet of Queenston shale, which 
corresponds with the Juniata of Pennsylvania and the Red Medina of eastern West 
Virginia. Only a few fragments of this shale are present in the samples, but by its dark red 
color and silty and micaceous character it is easily differentiated from the more abundant 
cavings of the grayish red Clinton shales. 


8 Charles R. Fettke, “Summit Gas Pool, Fayette County, Pennsylvania,” Pennsylvania Top. and 
Geol. Survey Prog. Rept. 124 (June, 1940). 


® James H. C. Martens, “Petrography and Correlation of Deep Well Sections in West Virginia 
and Adjacent States,” West Virginia Geol. Survey, Vol. 11 (1939), p. 107. 
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DEEP WELL IN RUSSELL COUNTY, VIRGINIA! 


JAMES H. C. MARTENS? 
Morgantown, West Virginia 


Few deep wells have been drilled in the Paleozoic rocks of western Virginia, and 
from still fewer are any detailed records available. 

From 1932 to 1934 a deep well was drilled in Russell County, Virginia, to a depth of 
6,006 feet. This well is the Clinchfield Coal Company No. 1 (272) by the Penn-Ohio Gas 
Company of Pittsburgh, Pennsylvania, and is located on Hurricane Fork of Dump Creek, 
4 miles north of Cleveland and 3 miles northwest of Clinchfield Junction. It is in the 
Appalachian Plateau where the rocks are nearly horizontal. A. H. McClain, geologist for 
the United Fuel Gas Company, gave the West Virginia Geological Survey samples from 
the intervals 234 to 2,800 and 3,974 to 6,006 feet in depth and also provided a copy of the 
drillers’ record and his own notes on some intervals for which the samples were not com- 
plete. According to H. P. Woodward? this well started in the Norton formation of the 
Pottsville group, at a stratigraphic horizon 100 feet above the Tiller coal seam. 

The detailed record here given combines the driller’s record with the results of sample 
examination for the intervals given in the preceding paragraph. 


CLINCHFIELD Coat Company No. 1 (272) WELL 

Russell County, Virginia 
By Penn-Ohio Gas Company, Pittsburgh, Pennsylvania 
15-inch casing, 26 feet; 12}-inch, 163 feet; 10-inch, 1,435 feet; 9-inch, 2,168 feet 

Samples from 234 to 2,800 feet and from 3,974 to 6,006 feet were donated by A. H. McClain, 
Geologist for United Fuel Gas Company, and examined by J. H. C. Martens; description of intervals 
for which samples are missing is taken from driller’s record and from McClain’s notes on some of the 
sample envelopes. 


Depth _ Thickness 


in Feet 
Pottsville Formation, 1,965 Feet 

26 26 Gravel 

36 10 Slate 

55 19 Lime, hard, sandy (probably siltstone) 

60 5 Coal 

65 5 Shale, sandy 

67 2 Coal 

74 7 Shale 

80 6 Coal and slate 

85 5 Coal 

92 7 Slate 
125 33 Sandstone, hard 
153 28 Sandstone 
156 3 Lime (probably siitstone) 
190 34 Lime, sandy (probably siltstone) 
220 30 Shale, sandy 
222 2 Coal 
278 56 Sandstone, white, medium-grained (1 sample) 
279 t Coal 
324 45 Sandstone, nearly white, medium-grained (2 samples) 
345 2x Sandstone, light gray, very fine; and gray shale and siltstone (1 sample) 


1 Manuscript received, September 15, 1943. Published by permission of Rietz C. Tucker, acting 
state geologist. 
? Mineralogist, West Virginia Geological Survey. : 
_ 5H. P. Woodward, “Outline of the Geology and Mineral Resources of Russell County, Virginia,” 
Virginie Geol. Survey Bull. 49 (1938), p. 63. 
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Depth _ Thickness 


in Feet 
406 61 Shale, gray, silty (1 sample) 
452 46 Sandstone, gray, fine, micaceous (1 sample) 
454 2 Coal 
482 28 Sandstone, gray, very fine, micaceous (1 sample) 
510 28 Sandstone, white, fine 
520 1o = Shale, dark gray 
532 12 Shale, sandy 
557 25 Sandstone 
558 Coal 
572 14 Shale, sandy 
606 34 Lime shells (probably siltstone) 
613 7 Shale, black, silty 
619 6 Coal (gas) 
630 11 Sandstone, gray, very fine, shaly 
666 36 Shale, sandy 
668 2 Coal 
730 62 Shale, and siltstone, gray (1 sample) 
751 21 Sandstone, gray, very fine, shaly, micaceous (1 sample; recorded as “hard 
blue lime”) 
753 2 Coal 
770 17 Siltstone, gray, shaly (1 sample) 
780 10 Sandstone, gray, very fine, 80%; gray to black shale, 20% 
782 2 Coal (gas) 
847 65 eo a very fine, with smaller amounts of gray shale and siltstone 
1 sample 
865 18 Shale, dark gray (1 sample) 
881 16 Sandstone, gray, fine (1 sample) 
883 2 oal 
gII 28 Shale, black (r sample from top of this interval, which is recorded as 
“black lime’’) 
916 5 Coal, 30%; dark shale, 70% (showing of gas) 
935 19 Shale, dark gray to black, 50%; very fine gray sandstone, 50% (1 sample) 
949 14 Sandstone, light gray, fine 
OSI 2 Coal (gas) 
975 24 Sandstone, brown, hard 
1,026 51 _Siltstone? (recorded as “white hard lime,” no sample) 
1,070 44 Shale, gray, silty 
1,109 39 Sandstone, light brown, medium-grained (1 sample) 
24 Sandstone, white, medium-grained (1 sample) 
1,135 2 Coal 
1,145 10 Siltstone? (recorded as “lime’’; no sample) 
1,172 27 Siltstone and shale? (recorded as “broken lime”; no sample) 
1,269 97 Sandstone, white, medium-grained (1 sample) 
1,275 Siltstone and shale, gray 
1,407 132 Sandstone, white to brownish, medium- to coarse-grained (2 samples) 
1,411 4 Shale, black, 50%; nearly white sandstone, 50% — 
1,468 57. Sandstone, white to brownish, :fine, mostly quartz 
1,473 5 Shale, dark gray, silty and sandy’ - 
1,478 5 Coal, 20%; coarse sandstone, 40%; gray.shale and siltstone, 40% 
1,490 12 Sandstone, light gray, medium- to coarse-grained . 
1,498 8 Sandstone, white with brown rust stain, medium-grained 
1,564 66 Sandstone, gray, fine to very fine 
1,565 
1,593 28 Sandstone, light gray, fine 
1,704 111 Sandstone, white to light gray, medium-grained 
1,718 14  Siltstone and shale, gray 
1,743 25 Sandstone, light gray, very fine; some dark shale, 1,739-1,743 
1,773 30 Sandstone, light gray, very fine, 60%; gray shale and siltstone, 40% 
1,785 12 Sandstone, gray, fine to very fine ain 
1,788 3 Coal 
1,800 12 Shale, black 
1,804 4 Coal 
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Depth Thickness 
in Feet 
1,820 16 Shale, black 
1,834 14 Shale, gray 
1,864 30 Sandstone, light gray, fine- to medium-grained, with dark shaly streaks 
1,944 80 Sandstone, nearly white, medium-grained 
1,965 21 Sandstone, white, coarse 
Pennington Shale, 2,087 Feet 
2,090 125 Shale, red; also large amount of green siltstone and very fine sandstone 
(2 samples) 
2,100 1o Sandstone, white, fine 
2,120 20 Sandstone, light gray, very fine; also some red shale, etc. 
2,180 60 Shale, gray to green; also some red shale and fine green sandstone 
2,280 1oo = Siltstone, gray, shaly 
2,300 20 Shale, gray, silty 
2,365 65  Siltstone, gray, shaly; also some fine sandstone 
2,458 93 Shale, black, silty, micaceous 
2,471 13 Sandstone, white, fine, 80%; black shale, 20% 
2,504 33 Sandstone, white, fine, nearly all quartz 
2,573 69 Sandstone, white, medium- to coarse-grained 
2,578 5 Sandstone, as above, 60%; black silty shale, 40% 
2,581 3 Sandstone, white, medium-grained, 70%; gray siltstone, 30% 
2,668 87  Siltstone and silty shale, gray 
2,708 40 Nosamples 
2,768 60 Shale, red, calcareous 
2,800 32 Siltstone, red, calcareous 
3,974 1,174. No samples, information on this interval is entirely from driller’s record 
2,830 30 Red rock 
2,930 1oo_ Lime, gray 
2,965 35 Red rock 
2,990 25 Lime, gray 
3,005 15 Sand, hard, white 
3,040 35 Slate and shells 
3,145 70 Shale, dark 
3,258 113 Sand, gray, hard 
3,200 2 Slate, black 
3,285 25 Lime, dark 
3»370 85 Lime, gray. hard 
3,390 20 Slate and shells 
3,460 7o = Sand, gray, hard 
3,470 10 Lime, dark 
3,573 103 Slate and shells, black 
3,666 93 ~+Lime, dark 
3,730 64 ~=Slate 
3,825 95 Lime, dark 
3,918 93 Lime, dark, broken 
3,938 20 Lime, hard 
3,974 36 Lime, dark, broken 
4,020 46 Shale, very dark gray, calcareous 
4,032 12 Limestone, dark gray, shaly 
Newman Limestone, 585 Feet 
4,042 10 Limestone, gray 
4,052 10 Limestone, light gray to light brown, odlitic; also some elongated pieces 
of gray shale (Pencil Cave?) 
4,064 12 Limestone, gray to light brown, odlitic 
4,095 31 Limestone, brown 
4,104 9 Limestone, brown, with some nearly white, odlitic 
4,198 94 Limestone, dark brown, fossiliferous; a little gray chert, 4,104-4,125 
4,247 49 Limestone, light brown 
4,260 13. Limestone, light gray with some odlites; large amount of red, silty, cal- 


careous shale, perhaps cavings 
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Depth Thickness 
in Feet 
4,266 6 Limestone, light gray with some odlites 
4,280 ' 14 Limestone, grayish green, shaly, dolomitic 
4,301 21 Limestone, light brown, odlitic 
4,321 20 ~=Limestone, light brown 
4,390 69 Limestone, brown 
4,443 53 Limestone, brown; considerable amount of red impure limestone and red 
calcareous shale 
4,401 48 Limestone, brown 
4,526 35 Limestone, brown, indistinctly odlitic 
4,554 28 Limestone, brown 
4,563 9 Limestone, brown, with a little gray chert 
4,602 39 Limestone, light brown 
4,610 8 Limestone, light brown to slightly greenish 
4,617 7 Sandstone, light gray, fine, dolomitic; a little red shale and white anhydrite 


Maccrady Formation, 31 Feet 


4,625 8 Anhydrite, transparent colorless cleavage fragments, 80%; red shale, 20% 

4,631 6 Nosample 

4,648 17 Siltstone, grayish red, somewhat dolomitic; also some green siltstone, red 
shale and white anhydrite; some grains of intense green color in red 
siltstone 

Pocono Formation, 627 Feet 

4,697 39 ~—Siltstone, gray, shaly 

4,717 20 Sandstone, gray, very fine, 

4,748 31 Sandstone, gray, very fine, partly shaly 

4,778 30 Siltstone, gray, shal. 

4,788 10 = Siltstone, gray, sandy 

4,805 17. Sandstone, gray; mostly very fine but contains some coarse grains 

4,811 6 Siltstone, gray, shaly 

4,828 17 Sandstone, dark gray, very fine 

4,852 24 Sandstone, light gray, very fine, dolomitic 

4,928 76 Siltstone, gray, also considerable amounts of gray shale and very fine sand- 
stone 

5,232 304 Shale, gray to dark gray; small amount of siltstone and very fine sandstone 

5,265 33 Shale, very dark gray, silty, pyritic (Sunbury shale?) ‘ 

5,275 10 Shale, very dark gray, silty, 40%; lighter gray silty shale, 40%; white, 
medium-grained sandstone, 20% (Berea sandstone?) 

Devonian Shales, et cetera, 731-+ Feet 

5,285 10 = Shale, gray, silty 

5,388 103 Siltstone, gray; samples show every graduation from very fine sandstone 
through si!tscone to silty shale 

5,409 21 Sandstone, gray, very fine 

5,470 61 _Siltstone and silty shale, gra 

5,478 8 Sandstone, light gray, very fine ; 

5,575 97 Siltstone, gray, shaly, micaceous; thinly interbedded with gray shale and 
light gray, very fine sandstone 

ie 5,673 98 Shale and siltstone, dark gray; similar to interval above but average color 
is darker and texture a little finer; most samples contain some very fine 

sandstone : 

5,698 25 Sandstone, light gray, very fine, 50%; gray shale and siltstone, 50% . 

6,006 308 Shale and siltstone, gray; relative proportions vary considerably but in 


most of the interval there is more siltstone than shale, and in many 
samples there is some very fine sandstone. Total depth 


PENNSYLVANIAN 


With the possible exception of 25 feet at the top reported as gravel, the upper 1,965 
feet of strata penetrated in this well belong to the Pottsville group of the Pennsylvanian, 
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and include all of the Lee formation and about 300 feet of the basal part of the Norton 
formation. In a little less than 2,000 feet of sediments there are at least 19 coal seams 
with an aggregate thickness of 50 feet. Counting the driller’s “lime” as siltstone, the 
relative amounts of the different kinds of rocks in the Pottsville in this well are: shale 
and siltstone, 33.3 per cent; sandstone, 64.1 per cent; and coal, 2.6 per cent. 

The samples showed no evidence whatever of any beds of marine origin. 

No attempt is made here to correlate the members of the Pottsville formations with 
those to which names have been assigned on the outcrops. 


MISSISSIPPIAN 


The Pennington shale as delimited here is equivalent to all or a considerable part of 
the Mauch Chunk of southern West Virginia. It consists of red and gray shale and silt- 
stone, white sandstone, and, in the lower part, some gray limestone. Samples of more than 
half of this formation are missing, and in the driller’s record for this interval the amount 
of limestone is probably exaggerated. According to Woodward‘ the thickness of the 
Pennington shale in Russell County is 1,100 feet. The difference between this and the 
measurement in the well is believed to be due to poor and incomplete outcrops rather than 
large variation in thickness or large errors in measurements. 

The Newman limestone of this well section is the approximate equivalent of the 
Greenbrier limestone of southern West Virginia. It includes what Woodward' has classified 
on the outcrops a short distance southeast as Gasper, Ste. Genevieve, and St. Louis lime- 
stone, for which he gives thicknesses which add up to 200 feet, as compared with 585 feet 
in the well. This difference is also probably due to incompleteness of outcrops. 

The anhydrite at the top of the Maccrady formation is of interest because of its rela- 
tion to the gypsum deposits at Saltville, Virginia, 23 miles east. These deposits occur in 
the Maccrady formation and apparently in the upper part of it, although outcrop and 
structural conditions are not favorable for working out the exact stratigraphy at Saltville. 
Stose® has suggested that the salt and gypsum deposits of Saltville were derived from 
disseminated salt and gypsum in the Maccrady shales, by water circulating along an over- 
thrust fault. The occurrence of an 8-foot bed of anhydrite in this well shows that calcium 
sulphate in fairly pure form was laid down as a chemical precipitate in the Mississippian 
of Virginia. Recently the writer has found anhydrite at the top of the Maccrady and also 
at the base of the overlying limestone in several wells in West Virginia, located in Boone, 
Wyoming, and Kanawha counties. The wide distribution of anhydrite at this horizon 
suggests that prospecting might reveal gypsum deposits associated with the Maccrady at 
localities other than the vicinity of Saltville, and perhaps in southeastern West Virginia 
as well as Virginia. 

The base of the Mississippian is tentatively placed at a depth of 5,275 feet, on the 
assumption that a thin white sandstone occurring there is the Berea, and a dark shale 
just above it the Sunbury shale. In view of the long distance involved, both of these 
correlations are rather uncertain. 


DEVONIAN 


The 731 feet of material from 5,275 to 6,006 feet, consisting of gray shale and siltstone 
with some very fine sandstone, is considered as being the Brailler shale of the Portage 


group. 


4H. P. Woodward, op. cit., p. 21. 
5 Tbid., p. 21. 


6 George W. Stose, “Geology of the Salt and Gypsum Deposits of Southwestern Virginia,” 
Virginia Geol. Survey Bull. 8 (1913), pp. 51-73- 
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We are indebted to Dr. Chester R. Longwell, chairman, Committee on War Effort 
of the Geological Society of America, for the two following informative articles on the 
status of geologists and other scientists under the present selective service regulations. 


NEW AID IN HANDLING PERSONNEL PROBLEMS IN GEOLOGY! 


The Office of Scientific Personnel of the National Research Council was established in 
1941 primarily to aid in solving problems of scientific and technical personnel in connection 
with the activities of the National Defense Research Committee. During more than two 
years of its existence the Office has handled successfully a large number of cases, chiefly 
in the field of physics, but also in other fields of science and engineering. The Director of 
the Office is Dean Homer L. Dodge, of the University of Oklahoma. 

The needs of the Office of Scientific Research and Development and the availability 
of physicists and mathematicians have changed with the progress of the war. Therefore 
the Office of Scientific Personnel can now give more attention to fields other than those 
involved in the OSRD, some of which fields are suffering manpower shortages and can 
profit from the methods developed in this Office for handling personnel problems in critical 
fields. The Geological Society of America is coéperating with several other scientific or- 
ganizations to maintain the Office of Scientific Personnel for the remainder of 1943 and 
at least several months of 1944. During this time the effective machinery that has been 
built up by Dr. Dodge will be available to all geologists and their employers in the adjust- 
ment of wartime personnel problems. 

The work of the Office of Scientific Personnel has been chiefly of two kinds: (1) placing 
qualified scientific and technical workers in positions connected with the war effort, and 
(2) taking steps to secure the deferment of scientists and technicians who can make their 
best contribution to the war effort by occupying civilian positions calling for their special 
skills. The Office can serve in the first capacity to the extent that needs for geologists are 
reported and available geologists register. This service will be developed to meet the 
demand. 

With respect to deferment problems, recent developments have made it uncertain how 
the Office can best function. In the past, Dr. Dodge has assisted employers of physicists 
and mathematicians by writing letters to local Selective Service boards and state directors 
and by advising with officials in the National Selective Service Headquarters. Out of this 
work developed the National Committee procedure which is described in Activity and Oc- 
cupation Bulletin No. 35 and which Dr. Dodge had hoped would be extended to include 
geologists in the near future. Instead, an entirely new procedure has been developed by 
the War Manpower Commission to be administered by the United States Employment 
Service. Information regarding this new situation is appended. 

The Division of Geology and Geography of the National Research Council has ap- 
pointed a Committee of Geological Personnel, of which the chairman is W. B. Heroy, who 
is located in Washington. The primary function of this Committee will be to codrdinate 
personnel activities of the several geological societies; Dr. Dodge’s office will consult with 
this Committee in cases affecting geologists. 

The Geological Society of America will prepare mimeographed statements of further 
helpful information as it becomes available. Those who have specific questions not 
answered in the present notice should address: 

Secretary, Geological Society of America 
419 W. 117th Street 
New York, N. Y. 


1 Manuscript received October 15, 1943, from Chester R. Longwell, chairman, committee on war 
effort, Geological Society of America. 
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DEFERMENT OF SCIENTIFIC AND TECHNICAL PERSONNEL 


An entirely new procedure for the deferment of persons engaged in critical occupations 
is described in a booklet, “Information Concerning Occupational Classifications,” issued 
by the Selective Service System on September 23, 1943. This booklet is made up of Local 
Board Memorandum No. 115, as amended on August 16, 1943; LBM 115-A, issued August 
16, 1943; LBM 115-B, issued September 1, 1943; and LBM 181, issued September 1, 1943. 

In LBM 118 alist of “‘critical occupations” is set up. Part II of this list, of which a copy 
is attached, concerns professional and scientific occupations, including full-time teachers 
in the fields listed. Local boards are advised that “It is imperative that registrants engaged 
in critical occupations in war production or in’ support of the war effort should be given 
grave consideration for occupational deferment by the agencies of the Selective Service 
System.” Further, in LBM 115-B, local boards are advised, ‘‘It can be safely said that the 
critical occupations as listed by the War Manpower Commission represent the highest 
levels of skills within industry and that, therefore, all production necessary to the war 
effort is directly dependent upon the most efficient use within industry of persons qualified 
in those occupations.” 

It is apparent that it is the intention of Selective Service to place greater emphasis, 
in its own way, upon efficient use of persons qualified in “critical” fields. It remains to be 
seen whether or not their efforts in this direction will be successful so far as those profes- 
sional and scientific fields whose problems were already being successfully dealt with by 
procedures initiated by the professions themselves are concerned. 

The following represents a summary of the occupational deferment procedure for oc- 
cupations falling within the list of Critical Occupations: 


1. The employer continues, as in the past, to present his case for deferment to the local board 
through the use of Form 42A. 

2. The local board will arrive at a classification for the registrant on the basis of the evidence 
submitted to it by the employer. It may, if it so desires, consult with the local United States 
Employment Service office concerning classification. (LBM 115 and LBM 149) 

3. The local board will then make its decision. If occupational deferment is granted, no further 
action is involved during the period covered by the deferment. If, however, deferment is re- 
fused, and the registrant is placed in 1-A, the case is continued as follows. , 

4 4 no appeal is taken within the 10-day period allowed for this purpose, the local board is 

irected to refer the case to the local (local with respect to the registrant’s local board) office of 
the United States Employment Service and a 30-day stay of induction is granted to permit 
action by this office. ; 

5. If an appeal is taken and the local board’s decision is reversed, the registrant will be reclassified 
and the case is closed for the duration of the derferment period. If, however, the 1-A classifica- 
tion made by the local board is supported by the appeal board, the case must be referred to the 
local U.S.E.S. office. 

6. When the local U.S.E.S. office receives a case from the local board either directly (4, above), 
or after appeal (5, above), it may certify to the local board either that 


a. the registrant should be deferred in his present position, or 

b. that they have succeeded in placing the registrant in a new position. In the first case the 
local board is directed to reopen the classification of the registrant and presumably will 
grant occupational deferment. In the second case, a further period of 10 days is given the 
registrant for the filing of a new Form 42A requesting occupational deferment in his new 
position, and on the basis of which the local board shall reopen the classification. . 

If the U.S.E.S. simply fails to present any notification to the local board during the period 

allowed, or if it certifies that the registrant is needed in new employment, but does not succeed 

in placing the man in such employment, the local board may proceed with the induction of the 
registrant. 

8. The local offices of the United States Employment Service presumably have been or will be 
instructed to refer cases reaching them and involving persons in “critical” professional and 
scientific occupations to the National Roster of Scientific and Specialized Personnel. Just 
how the Roster will handle cases referred to it has apparently not been fully worked out as yet 


7 


The following suggestions are made to facilitate the proper functioning of the procedure 
' herein outlined. 
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(1) It becomes of even greater importance than heretofore that an employer’s original presenta- 
tion of a case to the local board for occupational deferment or continuation of deferment be 
made as strong as possible. No opportunity for strengthening a case should be overlooked. 
The Committee on Geological Personnel will undertake to supply employers, upon request, 
a general statement of the shortage and probable irreplaceability of trained geologists. This 
information may be useful in some cases in supporting a request for occupational deferment. 

(2) The employer having once requested occupational deferment should be prepared to appeal 
every case in which such deferment is refused by the local board. This again implies that the 
original presentation should be as strong as possible, so as to stand up under an appeal. 

(3) If an appeal does not secure deferment, the employer should take it upon himself to see that 
the case is referred to the local U.S.E.S. office, as directed by Local Board Memorandum 
15-B. It is possible that the local board may not be familiar with the requirement that they 

o this. 

(4) The employer should take every possible step to insure that a case which has reached the 
U.S.ES. office is actually referred to the National Roster. 

(5) It should be noted that there is no clear statement as to whether an appeal may be taken 
after the action of the U.S.E.S. Presumably an appeal could be taken at this time, but it is 
implied in LBM 115-B that the proper time for an appeal is immediately (within 10 days) 
after the local board’s original I-A classification. 


While the Committee of Geological Personnel will be happy to assist employers by 
supplying information of a general nature, it can not attempt to pass upon the merits of an 
individual case. We should be interested, however, in experiences of employers with the 
new procedure, since such information will give us a basis for judging the way the plan is 


working out. 
LisT OF PROFESSIONAL AND SCIENTIFIC OccUPATIONS* 
(from LBM 115) 

Accountant 
(Included under this title are Certified Public Accountants and those who have comparable 
training, experience, or responsibilities 

Agronomist 

Anatomist 

Architect, Naval 

Astronomer 

Bacteriologist 

Chemist 

Engineer, Professional or Technical 
This title covers persons who are actually engaged as engineers in the operating, research, or 
teaching phases of these professions, who are qualified either by having met the educational re- 
quirements or because of long experience. In addition, this title is intended to include those 
individuals who may specialize in certain phases of the professions listed below, such as Mechani- 
cal Engineers who specialize in the automotive, heating, or refrigerating engineering field but 
whose special designations have not been mentioned: 

Aeronautical Marine 


Agricultural Mechanical 
Ceramic Metallurgical 
Chemical Mining 
Civil Petroleum 
Communications Radio 
Electrical Safety 

Entomologist 

Forester 

Geologist 

Geophysicist 

Horticulturist 

Mathematician (including cryptanalyst) 

Metallurgist 

Metéorologist 

Nematologist 

Oceanographer 

Parasitologist 


* The titles appearing in this critical list of Professional, Technical, and Scientific Occupations are also intended to 
cover those persons who are engaged in full-time teaching of these professions. In addition, these titles are also intended to 


cover persons engaged in full-time inspecting duties which require the utilization of the knowledge of the critical occupations, 
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Pathologist, Medical 
Pharmacologist 

Physicist 

Physiologist, Medical 

Plant Physiologist or Pathologist 
Seismologist 


ORGANIZATION OF COMMITTEE ON GEOLOGICAL PERSONNEL! 


The chairman of the National Research Council, on recommendation of the executive 
committee of the Division of Geology and Geography, has approved the establishment in 
the Division of a Committee on Geological Personnel, effective July 30, 1943. The following 
is the present membership of the committee: Henry R. Aldrich, Charles H. Behre, Jr., 
Kenneth C. Heald, A. I. Levorsen, William B. Heroy, chairman, W. W. Rubey, chairman 
of the Division of Geology and Geography, ex officio. 

The National Research Council was established by Executive Order of President Wil- 
son, May 11, 1918. Among the duties assigned to it were ‘‘to develop effective means of 
utilizing the scientific and technical resources of the country for dealing with (research) 
projects.” The Nation has no greater resources of this character than its scientific and 
technical personnel and this quotation expressés the general purpose for which the commit- 
tee has been organized. 

Following the general policies of the Council, the committee will function primarily for 
purposes of survey, planning and coérdination. It will endeavor to develop close contacts 
with the activities in personnel matters of the various societies, institutes, foundations, and 
other agencies in the field of geology. It will not seek to duplicate or to supersede their 
work and will undertake specific projects only if it may eppear, after due consideration, 
that a codperative arrangement under the Council is advantageous. 

There is in the National Research Council an Office of Scientific Personnel, of which 
Dr. Homer L. Dodge is director. This office functions for the Council as a whole and Dr. 
Dodge has been engaged in a large range of activities concerned with the procurement of 
scientific personnel for various war agencies, the placement of scientific workers, and the 
administration of the War Manpower Commission. The Division of Geology and Geog- 
raphy, through the assistance of the Geological Society of America, will share in the 
activities of the Office of Scientific Personnel and will obtain valued assistance of Dr. 
Dodge in specific personnel problems. 


1 This announcement has been received from the National Research Council, Division of Geology 
and Geography, with the request that it be given circularization among A.A.P.G. members. 


a 
a 
4 
3 
4 
2 
| | 
| 
} 
t 
| 
a 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 27, NO. 11 (NOVEMBER, 1943), PP. 1552-1555 


RESEARCH NOTES 


RESEARCH STUDY GROUPS AND CONFERENCES! 


M. G. CHENEY? 
Coleman, Texas 


How research work may be advanced in spite of reduced personnel and urgent need 
for much more attention on the part of geologists to the discovery of new oil fields has been 
the topic of many recent discussions. The solution appears to be: (1) greater use of local 
research study groups, sponsored by the affiliated geological societies (23 including the 
Pacific section); and (2) further development of research conferences at the meetings of 
the Association. 

Progress is to be expected primarily in persistent individual effort, but in any of the 
broad complex fields of the science of the earth, the discernment and application of 
fundamental principles must depend in large measure on concerted effort and critical 
study by many investigators having varied interests, training, and experience. 


STUDY GROUPS 


The local study group provides opportunity for division of labor and round-table dis- 
cussion of data, technique, and theory. The objectives include the solution of more or less 
local geological problems, the advancement of the skill and scientific knowledge of the 
participants and better technical papers for the local society and for the Bulletin of the 
Association. Some immediate practical benefits are obtainable, as in the case of the re- 
cently formed study group of the West Texas Geological Society. Initial meetings have 
been devoted to more precise petrographic terminology. As a result, descriptions of drill 
cuttings are now being exchanged satisfactorily within two or more laboratory groups. 
Better work results from larger samples and less rush. In a group of five laboratories, an 
80 per cent saving of routine labor is effected. This gives the geological staff more time for 
interpretive geology and other duties. 

Some study groups have now been in operation for a number of years, for example, 
the Tulsa Stratigraphical Society. A number of others have attacked certain problems and 
disbanded after completing a report. Such matters of organization are left to the decision 
of the local groups. Choice of a broad topic provides work for a larger membership, as well 
as a continuing program. Critical reviews of the literature on given problems or areas or of 
current publications affords an interesting series of meetings through the years. Group 
study may well be given to the special volumes published by the Association, such as 
Recent Marine Sediments, arranged by a Subcommittee of the Committee on Sedimenta- 
tion of the National Research Council, as well as the four special volumes and several less 
formal conference reports arranged by the research committee of this Association. 

Even though more or less under the sponsorship of local societies, study groups are 
commonly organized by voluntary enlistment rather than by appointment. Membership 
is understood to carry obligations for individual assignments for each of the few or many 
members. 

An ideal arrangement may be visualized as developing from a number of local study 
groups reporting and comparing methods and results at appropriate research conferences 
at meetings of the Association. 


1 Manuscript received, October 14, 1943. 
2 Chairman, research committee. 
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Interesting reports of study-group activities have appeared from time to time, one 
of the more recent being ‘Progress of Stratigraphic Studies in California,’ by E. R. 
Atwill, pp. 153-61 of the February, 1942, issue of the Bulletin. This report deserves the 
careful attention of those who are interested in the difficult problems of sedimentation and 
location of stratigraphic traps. A discussion of research subjects and their relative impor- 
tance appeared on pp. 436-53 of the March, 1939, issue of the Bulletin. Of twelve important 
research topics, the study of sedimentation and environment was deemed the most impor- 
tant. The thorough-going study of some particular oil-producing formation, as reported 
by Atwill, adds to the interest and offers a practical method of developing technique in this 
field of research. 

Discussion of the importance of research work and of codrdinating agencies was pub- 
lished on pp. 939-48 of the September, 1928, issue of the Bulletin. It is doubtful if any 
writer could improve upon this review by K. C. Heald or any scientist disagree with his 
statement, “Matters of purely academic interest today may be of utmost economic impor- 
tance tomorrow.” Perhaps an example from another field of research may best illustrate 
this point, namely, the development of electronics as a result of fundamental research in 
the field of electricity. 

CONFERENCES 


In response to many requests, the research conferences at the next meeting of the 
Association will be scheduled in sequence insofar as possible. Most of the conference topics 
are interrelated and most research workers desire to hear and discuss new developments in 
several fields. Time limitations will require somewhat formal preparation of reports and 
discussions. Privately arranged extended discussions will no doubt develop at the con- 
vention and stimulate more round-table discussions within the local study groups. Topics 
most favored for conferences at the next annual meeting of the Association are as follows. 


1. Petrology; stratigraphic and lithologic traps 

2. Origin and migration of oil 

3. Discrimination of favorable versus unfavorable structural conditions; prediction of subsurface 
structural conditions based on geological and geophysical evidence obtainable at or near the 
surface; choice of geophysical method 

. Oil-field waters; variations related to structural position and contact with oil 

. Use and interpretation of core analyses, electrical and radioactive logs 

. Geologic factors involved in the estimation of oil reserves 

. Exploration studies and technique; geologic aspects of new areas deserving more attention 


NAN 


The vital importance of research work is widely recognized. During recent years, the 
Association and other agencies have given direct financial aid to the completion of funda- 
mental research projects. Resolutions adopted at the last annual meeting of the Association 
stressed: 

1. The development and improvement of the methods of exploration and their more intense 


application to petroleum discoveries 
2. The furtherance and support of work undertaken by the research committee. 


The research committee will heartily welcome suggestions as to how it and the As- 
sociation may best serve these purposes. Energetic research work under present conditions 
may call for personal sacrifice. This is the order of the day. 
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DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL! 


M. G. CHENEY? 
Coleman, Texas 


Activities of the Division of Geology and Geography of the National Research 
Council have been necessarily altered to some extent due to preoccupation of committee 
members with the war effort. However, the annual meeting was held as usual on May first 
at the National Academy of Science Building, Washington, D. C. The morning session 
was devoted to a survey of geology and geography in the present war effort. A total of 
sixteen speakers discussed various subjects under the following headings. 

1. Strategic Minerals 

2. Geological Engineering Advice to the Armed Forces 

3- Reports on Physical Characteristics and Raw Materials of Strategic Areas 

4. Interpretation of Aerial Photographs and Maps 


The afternoon session was devoted to committee reports, nineteen of which were in the 
field of geology and nine, geography. 

It was encouraging to learn that even though geology and geography have not yet been 
given adequate recognition in military organization, many geologists and geographers 
have been called upon for special service in terrain interpretation. Other geologists have 
rendered important services in the field, such as locating much needed water supplies. 
The point was stressed that geologists would logically develop their own military tech- 
nique and usefulness if given proper opportunity. Attention might be called at this point 
to the excellent article by Charles E. Erdmann, pp. 1169-94 of the August, 1943, issue of 
the Bulletin of the Geological Society of America, entitled “‘Application of Geology to the 
Principles of War.” Extensive treatises on military geology prepared by German geologists 
show the many ways in which the geologist may serve. 

Of main interest to the Division has been more effective use of the many geologists and 
geographers who are now in service with the armed forces and the growing shortage of 
geologists needed in exploration activities for critical minerals, including petroleum. A 
committee on geological personnel has been recently formed, composed of William B. 
Heroy, chairman, H. R. Aldrich, Charles H. Behre, Jr., A. I. Levorsen, and K. C. Heald. 
The committee on war projects under the chairmanship of C. R. Longwell, department of 
geology, Yale University, reported its search for new ideas of strategic value. Promising 
ideas are given prompt attention and helpful support and passed on through proper 
channels when found meritorious. Committees especially hampered by the war effort were 
urged to prepare as complete reports as possible on results accomplished to date so that 
the progress already made might not be lost. As to the research program of the American 
Association of Petroleum Geologists, A. I. Levorsen reported recent publication of photo- 
lithographed reports of a symposium and conference at the Denver meeting on petroleum 
discovery methods and the place of sedimentation in petroleum geology; the new project 
of assembling and publishing a special volume covering the geology of South America; 
a survey of geological students in our colleges; the initiation of an annual survey of 
progress in petroleum geology; and the work of the Association’s national service com- 
mittee. 

The committee on tectonics reported that a final check and correction of the new 
tectonic map of the United States was about complete and that final copy should be 
ready for the printerin May of next year. Subcommittees of the committee on stratigraphy 


1 Manuscript received, October 14, 1943. 
* Chairman, research committee, A.A.P.G., and members of the Division of Geology and Geog- 
raphy, N.R.C. 
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reported progress, including publication in the Geological Society of America Bulletin, 
Volume 53, 1942, pp. 1729-94, of the Devonian correlation chart and discussion of the 
Devonian sedimentary formations of North America. Captain R. C. Moore reported near- 
completion of correlation chart of the Pennsylvanian system. The Permian correlation 
chart has been recast and redrafted and is approximately ready for publication. Work is 
also nearing completion on the correlation charts of the Cambrian and the Cenozoic. Con- 
siderable progress was reported in the study of stratigraphically dated basis lavas for radio- 
activity age determination. As pointed out by chairman Walter H. Bucher, geologists still 
lack an authoritative basis of stratigraphic correlation. 

Joseph A. Cushman reported an increasing use of microfossils due to present emphasis 
on exploration for new oil fields. His report of 8 pages, single-spaced, reflected much ac- 
tivity on the part of the committee on micropaleontology. The committee on common 
problems of genetics and paleontology is arousing much interest among geologists and 
biologists. Eastern and western group conferences are being held. The committee on sedi- 
mentation reported good interest in its latest (1940-41) mimeograph report (110 pages, plus 
charts) as issued in March, 1942. A table for the determination of detrital minerals, pre- 
pared by R. Dana Russell, was included in this report. Other committee reports had less 
direct bearing on the field of petroleum geology. 

William W. Rubey of the United States Geological Survey and Otto E. Guthe of the 
State Department were elected chairman and vice-chairman. Following precedent, the 
representative of the A.A.P.G. was elected a member of the executive committee of the 
Division, the Association being the largest of eleven affiliated organizations. 

The committee on advising prospective geology students reported attention to the 
following. 

1. The proposal that summer field courses or camps should be arranged to give introductory 
geology and introductory geological mapping to high-school pre-seniors and pre-college high- 
school graduates for the dual purpose of permitting the student to make rather final decision 
regarding a career in geology and greatly speeding up his assimilation of geology when taking 
collegiate courses, an objective which may be highly desirable to compensate for near-absence 
of college graduates in geology due to present war conditions 

2. Means of arousing more interest in geology among high-school students 

3. Preparation of an advisory booklet for prospective geology students 


New committees being organized in addition to the one on geological personnel, will 
deal with Cartographic technique and another with map sketching from aerial photographs. 
Several other committees are undergoing a reorganization to meet present needs. 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


PETROLEUM DEVELOPMENT AND TECHNOLOGY, 1943, 
BY A.I.M.E. PETROLEUM DIVISION 


REVIEW BY J. ZABA! 
Houston, Texas 


“Petroleum Development and Technology, 1943,” Trans. Amer. Inst. Min. Met. Eng., 
Vol. 151 (1943). 601 pp. Published by the Institute, 29 West 39th Street, New York, 
N. Y. Price $5.00, net. 


The annual volume of the ‘Petroleum Development and Technology” is divided into 
six chapters. The first four chapters, Production Engineering, Engineering Research, 
Geophysical Exploration, and Petroleum Economics, contain papers presented at the 
three 1942 meetings of the Petroleum Division, the New York, Los Angeles, and Austin 
meetings. The fifth chapter, Production, presents statistical data on domestic and foreign 
oil development and production during 1942. The sixth chapter, Refining, gives a review 
of refinery engineering during the year 1942. The volume contains several papers which are 
of direct interest and of practical value to a geologist. In the review which follows, these 
papers are considered first, grouped together according to subject matter they cover, dis- 
regarding their arrangement in the volume. Other papers are reviewed in the sequence 
they follow in different chapters. 

Two papers cover oil-field development and history. The first, ““An Engineering Study 
of the Magnolia Field in Arkansas” (Chapter 1), gives detail history of the field, sub- 
surface geology data, estimates of reserves, costs of drilling, history of proration, and 
other miscellaneous information. It is a valuable reference on the field. The second paper, 
“The Geophysical History of Darrow Dome, Ascension Parish, Louisiana” (Chapter 3), 
deals exclusively with pre-development history of the field, giving comparative data on 
refraction seismograph, torsion-balance and reflection seismograph surveys of the Darrow 
dome. The authors point out that work on Darrow represents the first successful reflection 
dip shooting in the Gulf Coast area. 

Engineering tools and methods, of interest to any geologist, are discussed in three pa- 
pers. The first of these papers, entitled “‘Caliper Logging” (Chapter 1), presents different 
applications of the open-hole caliper. This tool, which furnishes the actual diameter, and its 
changes, of a well bore, was originally used in conjunction with casing-cementing opera- 
tions. A large number of caliper surveys, made in different oil-producing areas of the 
country, brought out two facts: (1) that the difference between bit sizes and hole sizes is 
much greater than expected, (2) that shales wash out considerably beyond the bit size 
while oil sands stand closer to bit size. This last fact is being utilized in using the caliper- 
logging surveys for the purpose of well correlation. The second paper, ‘“The Use of Elec- 
trode Spacing in Well Logging” (Chapter 2), is another step in attempts to make possible 
more comprehensive interpretation of electrical logs by determining the effect different 
variable factors have on the profile of an electric-log curve. Based on correlation of experi- 
mental electric surveys with core laboratory analysis, the paper presents data on effect of 
depth of penetration, thickness of sand, and permeability on the resistivity curve within 
the region of mud infiltration. From resistivity beyond the effect of mud infiltration calcu- 
lations are made for water saturation. The third paper, “The Effect of Casing Perforations 


1 Petroleum engineer, Rio Bravo Oil Company. Manuscript received, October 18, 1943. 
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on Well Productivity,” arrives, through mathematical analysis, at the effect of casing 
perforations on productivity of wells. The analysis is carried through for three-dimensional 
flow of homogenous fluid for perforations extending uniformly over the whole thickness of 
the producing section, and includes also the effect of slotted liners on productivity of wells. 
The discussion of this paper adds some interesting comments on the subject. 

Of the papers on analysis of reservoir performance, the paper, “Reservoir Analysis and 
Geologic Structure” (Chapter 2), treats the subject of rate and quantity of water influx 
to an oil pool from the standpoint of the extent of the reservoir. It suggests, as explanation 
of failure of edge water to advance continuously in certain fields, the limitation of reservoir 
by structural breaks. It analyzes solution of structures in the light of known data on the 
crestal parts of reservoirs and inferred synclinal fault patterns. 

As, in case of previous editions of this volume, the portion of Chapter 5, Production, 
giving statistical data for year 1942 on domestic oil-producing areas, is of great value as a 
ready reference. The information given on producing fields includes data, whenever avail- 
able, on production, wells, oil and reservoir characteristics, producing formations, and 
structural conditions. Summary of drilling operations and data on important wildcats 
are also included. In addition, different oil-producing areas are covered by brief papers 
which, in several cases, add considerably to information included in tabulated data. 

The remaining papers of the volume, although perhaps of no direct interest to a 
geologist, cover subjects which, in many cases, are closely related to his work. 

Chapter 1 includes, in addition to papers already reviewed, a paper which is an excellent 
general treatise on the subject of determining producing potentials of wells from liquid- 
level data. 

Chapter 2 contains seven papers, which deal either directly or indirectly with theoreti- 
cal studies of oil-reservoir performance. One paper is on secondary recovery with water 
flooding. One is on asphaltic substances in crude oils and on electrical effects of flow of 
fluids through a porous solid, and two papers are on theoretical studies of behavior of 
gases. Three papers are devoted to drilling-mud problems. Of these three papers, the one 
on “The Nature of Hastings Drilling Mud by Supercentrifuge and X-ray Analysis” 
presents data on the origin of sediments and the effect that the geologic history had on the 
present properties of the sedimentary strata. 

Chapter 3 consists of one paper, already reviewed, on the geophysical history of the 
Darrow dome, Louisiana. 

Chapter 4 consists also of one paper, “World Consumption of Petroleum and Its 
Substitutes during 1942.” For obvious reasons no exact data can be furnished on world oil 
consumption and figures on 1942 are only estimates. An interesting point brought out by 
the paper is the fact that while world crude-oil production during 1942 decreased about 9 
per cent in comparison with 1941, the production of petroleum substitutes is estimated to 
have increased about 20 per cent. 

Chapter 5, in addition to the already mentioned domestic statistical data, contains a 
review of oil developments during 1942 in Argentina and Mexico. 

Chapter 6 consists of one paper, “Review of Refinery Engineering for 1942.”” Because 
of the confidential nature of the data pertaining to the refining engineering under war 
conditions, the paper gives only a most general outline of activities of the refining industry 
during 1942. 

To conclude this review it can be stated that this year’s volume of “Petroleum De- 
velopment and Technology” maintains the high standards of previous issues of this valu- 
able publication. The contents of the volume are an interesting, and gratifying, indication 
of the fact that research and technical studies, which contributed so much in the past 
toward progress of the oil industry, are still carried on despite the difficulties imposed by 
the war conditions. 


‘ 
] 4 
Ac: 
| 
2 
= 
2 
iad 


1558 REVIEWS AND NEW PUBLICATIONS 


RECENT PUBLICATIONS 
COLOMBIA 
*Wildcat Operations Yield Encouraging Results in Colombia,” by E. Ospina Racines. 
World Petroleum, Vol. 14, No. 10 (New York, September, 1943), pp. 37-40; 7 illus., 2 tables. 
*“Pre-Cretaceous of Colombia,” by D. Trumpy. Bull. Geol. Soc. America, Vol. 54, 
No. 9 (New York, September 1, 1943), pp. 1281-1304; 1 pl., 6 figs. 


GENERAL 

*“Ojil Zones of the United States—Eocene,” compiled by Oil and Gas Jour., Vol. 42, 
No. 21 (Tulsa, September 30, 1943), p. 56 B, with map in colors. 

*“Gravity Drainage in Oil Fields,” by James O. Lewis. Petrol. Tech. (New York, 
September, 1943), 22 pp., 8 figs. A.J.M.E. Tech. Pub. 1611. 

*“The Réle of Capillarity in Oil Production,” by G. L. Hassler, E. Brunner, and 
T. J. Deahl. Ibid. 20 pp., 9 figs., 1 table. A.J.M.E. Tech. Pub. 1623. 

*Natural Potentials in Sedimentary Rocks,” by Parke A. Dickey. Ibid. 6 pp., 3 figs. 
A.I.M.E. Tech. Pub. 1626. 

*“History of Development of Geologic Maps,” by H. Andrew Ireland. Bull. Geol. 
Soc. America, Vol. 54, No. 9 (New York, September 1, 1943), pp. 1227-80. 

*“Secondary Recovery Study Indicated by Oil Shortage,” by Vernon L. King. Cali- 
fornia Oil World, Vol. 36, No. 15, st issue (Los Angeles, August, 1943), pp. 13-14. 


IDAHO 
*“Three Forks Fauna in the Lost River Range, Idaho,” by Ewart M. Baldwin. 
Bulletins Amer. Paleon., Vol. 28, No. 110 (September 6, 1943). 18 pp., 1 pl. Paleontological 
Research Institution, 126 Melvin Place, Ithaca, New York. 


KANSAS 

*“Coal Resources of the Douglas Group in East-Central Kansas,’ by Arthur L. 
Bowsher and John M. Jewett. Kansas Geol. Survey Bull. 46 (Lawrence, September, 1943).’ 
94 pp., 12 figs., 6 pls., 17 tables. 

*“Deep Water Well at the Jayhawk Ordnance Works in Cherokee County, Kansas,” 
_ by G. E. Abernathy. Ibid., Bull. 47, Pt. 3, pp. 77-112, Figs. 1-4. 


MISSISSIPPI 
*“Choctaw County Mineral Resources,” by Franklin Earl Vestal and Thomas Edwin 
McCutcheon. Mississippi Geol. Survey Bull. 52 (University, 1943). 156 pp., 18 figs., 2 pls. 
*“Pontotoc County Mineral Resources,” by Richard Randall Priddy and Thomas 
Edwin McCutcheon. Jbid., Bull. 54. 139 pp., 15 figs., 1 pl. 


OKLAHOMA 

“Black Knob Ridge Area, Atoka County, Oklahoma,” by T. A. Hendricks and M. M. 
Knechtel, U. S. Geol. Survey Oil and Gas Investigations Preliminary Map 1 (1943). Geo- 
logic map of 44 townships, with structure section from Coal basin on northwest to Ouachita 
Mountains on southeast. Brief text by Hendricks, describing geology and oil and gas pos- 
sibilities. Scale: 13 inches equals 1 mile. Obtainable from the director of the Survey, 
Washington, D. C. Price, $0.25. 

PENNSYLVANIA 


*“Reverse Faulting North of Harrisburg, Pennsylvania,” by Ernst Cloos and Carl H. . 


Broedel. Bull. Geol. Soc. America, Vol. 54, No. 9 (New York, September 1, 1943), pp. 
1399-1432; 12 pls., 5 figs. 
POLAND 
“Deposits of Natural Gas in Poland,” by Z. S. Wyszynski. Min. and Petr. Tech. Mag. 
(Univ. Birmingham, 1943), p. 41. Abstract in Jour. Inst. Petroleum, Vol. 29, No. 236 
(London, August, 1943), p. 291A. 
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THE ASSOCIATION ROUND TABLE 


ANALYSIS OF MEMBERSHIP OF AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


MEMBERSHIP AS OF MARCH, 1943, BULLETIN 
DOMESTIC MEMBERS 


Members connected with geophysical crews . Ig 
Members connected with smaller oil companies 472 
Members connected with larger oil companies $5364 
Consultants or independents 528 
Members unclassified 20 
Total domestic members considered to be connected with oil industry 2,504 
Members in state services, educational or research institutions, or in concerns 
not directly engaged in the oil industry 352 
Members in the employ of the U. S. Government in civilian capacity 174 
Members in U. S. Army 385 
Members in U. S. Navy, Coast Guard, and Marine Corps 165 
Total domestic members not in oil industry 1,076 
Total members in the United States 3,580 
FOREIGN MEMBERS 
Members connected with oil companies 220 
Other foreign members 109 
Members unclassified 14 
Total foreign members 343 
Total membership 3,923 


PACIFIC SECTION ANNUAL MEETING 
OCTOBER I5 


The Pacific Section of the Association met in twentieth annual meeting, on October 15, 
at the Ambassador Hotel, Los Angeles, California. The following program was presented. 


Morning session, R. W. Cxark, presiding, Western Gulf Oil Company; vice-president of the 
Association. 

1. L. A. TarBET, Standard Oil Company of California. Stratigraphy of Imperial Valley, California. 

2. Joun N. Huser and Witsur D. RANKIN, Continental Oil Company. Stratigraphic Section, 
Piru Creek, California. 

3. A. Ropcer Dentson, Amerada Petroleum Corporation, president of the Association. The 
Association and Its Relationship to Its Members and Geology. 

4. Business meeting and nomination of officers. 


Afternoon session, FRANK A. Morcan, presiding, Richfield Oil Corporation. 

1. G. C. Gester, Standard Oil Company of. California. 
a. Definition of Reserves. 
b. Discussion of Foreign Reserves . 

2. K. C. Heap, Gulf Oil Corporation; chairman, Association national service committee. 
Geology and the War. : 

3. Wititam B. a director of reserves, Petroleum Administration for War. Some Reflections 
on Oil Finding. 

4. H. D. Miser, geologist-in-charge, Section of Geology and Fuels, United States Geological 
Survey. Current Geologic Work by Federal Geological Survey in Search for Oil and Gas. 
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5. ee Croneis, Walker Museum, University of Chicago; Association editor. Geology and 
the Future. 


Evening session, Roy M. BARNES, presiding, Continental Oil Company. 


1. Dinner. 

2. Moving picture, by courtesy of the California Arabian Standard Oil Company. Saudi Arabia. 

3. W. Taytor Tuo, Jr., Princeton University; lecturer, Association distinguished lecture 
course. Structural Evolution of the Big Horn Basin Region. 


The officers of the Pacific Section and chairman in charge of the program were the 
following. 

President, Max L. KRUEGER, Union Oil Company of California 

Acting president, Ropert W. CLark, Western Gulf Oil Company 

Past-president, Epmunp J. Bartosu, Bankline Oil Company 

Secretary-treasurer, RICHARD TEN Eyck, Continental Oil Company 

Chairman, arrangements, VINCENT W. VANDIVER, Seaboard Oil Company 

Chairman, program, RicHaRD G. REESE, Standard Oil Company of California 


President Denison, past-president Aurin, and secretary-treasurer Rettger attended the 
meeting and each reported on certain items of Association activities. Vice-president Clark 
is acting-president of the Pacific Section and presided at the meeting. 


WAR DEPARTMENT NEEDS FOREIGN MAPS 


Army Map Service, Corps of Engineers, U.S.A., is searching for large-scale maps, 
guide books, gazetteers, postal guides, and place lexicons of any area outside of continental 
limits of the United States. 

Topographic maps on a scale of 1: 1,000,000 (16 miles to 1 inch) or larger and city plans 
of a scale not smaller than 1: 25,000 (23 inches to 1 mile) are of particular interest. 

You may be privileged to make a direct contribution to the war undertaking if you 
have any such maps and are willing to present them to the War Department. If you are 
not prepared to give them outright, you may lend them to be returned after reproductions 
have been made. 

It is important to take account of what is NOT WANTED: This includes maps issued 
by the United States Government, National Geographic Society, domestic maps, and 
small-scale maps. 

If you yourself have none, you may know where maps of potential military value can 
be obtained. Franked labels will be sent so that material can be forwarded without ex- 
pense of postage. Data can be submitted to, or further information obtained from: 

New Orleans Library Branch 
ARMY MAP SERVICE 


goo-A Maritime Bldg. 
New Orleans, 12, Louisiana 
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MEMORIAL 


FRED HALL KAY 
(1885-1943) 


On July 9, 1943, Fred Hall Kay, a vice-president and director of the Standard Vacuum 
Oil Company, died after a very short illness following a heart attack. His sudden passing 
came as a shock to his many friends and associates and he is greatly missed by all. 

Fred Kay’s career was primarily that of a geologist, and although his duties during 
the past 20 years were largely as an executive in the producing departments of various 
oil companies, he used his geological training and background to good advantage. 

He was born on February 1, 1885, at Camp Point, Illinois, the son of William T. and 
Margaret Hanback Kay. He specialized in geology at the University of Chicago and re- 
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ceived the degree of B.S. in 1907. Immediately following his graduation he joined the 
United States Geological Survey and worked for 2 years chiefly in coal surveys of the 
Western Plains and Rocky Mountain region. In 1909 he made a visit to Mexico to make 
a mining examination for the Sierra Consolidated Mines Company at Ocampo, and then 
worked as geologist for the Southern Pacific Railroad during 1909 and rog1o in evaluating 
their lands. 

In 1911 Mr. Kay joined the Illinois State Geological Survey and Frank W. DeWolf 
has kindly furnished the following statement covering the 6 years that Mr. Kay was with 
the Illinois Survey. 


Mr. Kay joined the staff of the Illinois Geological Survey in June, 1911, and resigned in May, 
1917. During the intervening six years he served as assistant State geologist in the management of 
the Survey, as well as geologist engaged in field investigations. During most of the time he investi- 
gated problems of the Illinois coal fields but during the last two years he was able to resume oil in- 
vestigations, which were more nearly to his liking. 

The coal studies which were carried on under the Illinois Mining Investigations which were 
undertaken following the Cherry Mine disaster, under a codperative agreement of three agencies, the 
Survey, the University of Illinois Department of Mining Engineering, and the United States Bureau 
of Mines. These investigations, with their ramifications into mine safety, coal conservation, and coal 
utilization, continued for nearly twenty years. Kay helped to organize and to carry out the early 
program on the part of the Survey. He was chiefly responsible for the published reports on two large 
mining districts of the state, one of them covering an area of 7,000 square miles. 

Beginning about 1915, Kay transferred to oil investigations in Illinois with special reference to 
— areas deserving of exploitation. He also made and maintained close contacts with the oil 

raternity of the state in order that the Survey might be of the greatest possible benefit to the oil 
operators. The accompanying list of publications indicates the scope of this work. 

Kay’s education at the University of Chicago, and his training in the United States Geological 
Survey and in the geological department of the Southern Pacific Railroad gave him excellent prep- 
aration for his work in Illinois. He continued to grow in professional insight and productiveness, as 
well as in personal charm, for which he was outstanding. In a professional way he was capable, ex- 
perienced, and productive. Personally, he was friendly, agreeable, entertaining, and polite. These 
qualities combined to make him in his later years diplomatic, but that diplomacy was based on the 
fundamental qualities just mentioned. 


K. D. White has contributed the following personal comments upon this period with 
the Illinois Survey: 

My first contact with Fred Kay came in 1911 when I joined the Illinois Geological Survey as his 
assistant on a statewide coal investigation. Thrown in close contact by this work, a deep affection 
was bred that carried through the years. He will be greatly mourned. His type is all too rare—a per- 
fect gentleman in the broadest use of that term—unassuming, friendly, with a quiet dignity that 
created both respect and affection. 

His marriage in 1911 was an extremely happy one and both the Kays shed kindliness and pleasure 
wherever they went. 


During the years 1917 to 1919 Fred Kay was manager of the land department of the 
Twin State Oil Company in Oklahoma. In 1920 he accepted the position of general man- 
ager of the Sun Oil Company in Venezuela, and was there until in 1925 when he shifted 
to the Pan American Petroleum and Transport Company. 

During the years 1925 to 1932 with the Pan American, Kay made trips to Europe and 
Iraq and Persia as well as Venezuela. 

The period from 1932 to 1939 was spent as an executive in the producing department 
of the Standard Oil Company of New Jersey in the United States, and also in Mexico 
and Venezuela. 

E. L. Estabrook, who was associated with Mr. Kay during the period subsequent to 
1925, writes as follows. 

Mr. Kay joined the Pan-American Petroleum and Transport Company about October, 1925, 
as an advisor to the managers of the company’s interests in Venezuela on land laws, concession titles, 


and public relations, a position for which he had special qualifications as a result of his several years’ 
residence in Caracas as representative of the Sun Oil Company, during which period he had actively 


MEMORIAL 1563 


peg in the framing of the Venezuelan petroleum policies as set forth in the Mining Law of 
une, 1922 
After the purchase of the foreign interests of the Pan American by the Standard Oil Company 
(N.J.) in 1932, Mr. Kay’s activities were expanded to cover Jersey’s worldwide concession holdings, 
and he gave special attention to Mexico in the difficult years prior to the expropriation of the proper- 
ties of the American petroleum companies by the Mexican Government. 

In the Pan American and Jersey organizations, Fred endeared himself to everyone by his kindly 
courtesy and never-failing good humor, even when not in the best of health. During his visit to the 
Near East, he picked up some contagion which impaired his health for several years thereafter. 


In June, 1939, Fred Kay joined the Standard Vacuum Oil Company in New York as 
head of the exploration department, and in May, 1940, he was elected to the board of 
directors of that company. In December, 1941, he assumed the supervision of the pro- 
duction department and in May, 1942, was elected a vice-president of the Standard 
Vacuum Oil Company. 

During 1939 and 1940 he made an extensive trip through the Netherlands East Indies, 
British India, and the Philippines, and in 1941 he visited Java on a special mission. 

R. Leibensperger, of the Standard Vacuum Oil Company writes: 

Comments by other writers regarding Fred’s personality and disposition apply in the fullest 


extent to his association with the Standard Vacuum Oil Company. The entire personnel, from the 
directors down, all held Fred in the highest esteem. 


A few remarks regarding his extra business activities should be added. He became a 
member of the American Institute of Mining and Metallurgical Engineers in 1917, and 
of the American Association of Petroleum Geologists in 1919 and served as vice-president 
of the Association in 1929. 

In college he was a member of the Sigma Nu fraternity and of the honorary societies 
of Phi Beta Kappa and Sigma Xi. 

In 1911 he married Miss Vivian Woodcock of Washington, D. C., and they spent 28 
happy years of married life. After a long illness, Mrs. Kay died in Febrvary, 1938, and 
the strain told severely upon his health. In May, 1939, he married Miss Irma Requena 
: of a well known Venezuelan family and she survives him. 


PUBLICATIONS BY FRED H. KAY 


(Based on work done for the Illinois State Geological Survey, 1911-1917) 
. “The Carlinville Oil and Gas Field,” Illinois Geol. Survey Bull. 20 (1912), pp. 81-95. 
. “Coal Resources of District VII,” Illinois Coal Mi: ining Investigations Bull. 11 (1915). 233 Pp. 
. (With K. D. White) “Coal Resources of District VITI,” ibid., Bull. 14 (1915). 68 pp. 
: (or) W..C; gaa “The Area South of the Colmar Oil Field, ” Illinois Geol. Survey Bull. 31 
1915), Pp. 7 
. (With W. C. - “The Colmar Oil Field—a Restudy,” ibid., pp. 37-55. 
; at ag in Illinois in 1914 and 1915,” ibid., Bull. 33 (1916), pp. 71-90. 
“Notes on Bremen Anticline, Randdlph County,” ibid., pp. 101-03. 
. “Oil Fields of Illinois,” Geol. Soc. America Bull. 28 (1917), pp. 655-66. 
. “Petroleum in Illinois in 1916,” Illinois Geol. Survey Bull. 35 (1917), pp. 11-18. 


W. P. Haynes 


New York, N. Y. 
September 27, 1943 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


New officers of the Midland Geological Society, Midland, Texas, are: president, Tom 
W. Kocu, Standard Oil Company of Texas; vice-president, CHARLES F. HENDERSON, 
Stanolind Oil and Gas Company; Secretary-treasurer, R. E. LEBLonp. 


CuHar-Es J. JENNINGS, geologist with the S. E. W. Oil Corporation, recently discussed 
“Present Problems Confronted by the Geologists,” before the Corpus Christi Geological 
Society. 


LAWRENCE C. Hay, consulting geologist of Wichita, Kansas, is geologist in Kansas for 
Nadel and Gussman. 


Don L. Hyatt, geologist, formerly of the Carter Oil Company, is in charge of the office 
of the Sohio Producing Company at Oklahoma City. 


D. E. MorGawn has changed his address from the New Zealand Oil Exploration located 
at Wellington, New Zealand, to the Shell (Queensland) Development Limited, Box 1456 T, 
Brisbane, Queensland, Australia. 


KENNETH B. NowEts has joined the firm of Hunter and Hunter, Abilene, Texas. The 
firm will henceforth be Hunter, Nowels, and Hunter. 


GrorcE L. HARRINGTON has retired from service with the Standard Oil Company of 
Argentina, after 23 years, the last 5 of which he was chief geologist. His address is 566 
Washington Avenue, Palo Alto, California. 


Jack L. Hoven, for the past year with the Bureau of Ordnance, Navy Department, 
Washington, D. C., has joined the staff of the Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts, to carry on work for the Navy. 


Major JEAN E. Jouyon. Rocue, formerly geological scout with the Shell Oil Company 
of California, is commanding officer of the Student Officers Training Regiment at the 
Engineer School, Fort Belvoir, Virginia. 


The Houston Geological Society has elected new officers: president, LESLIE BOWLING: 
Union Oil Company of California: vice-president, W. B. Mitton, JR., Gulf Oil Corpora- 
tion; secretary, W. B. Moore, Atlantic Refining Company; treasurer, G. J. SmirH, Pan 
American Producing Company; advisory committee, S. G. Gray, Tide Water Associated 
Oil Company, SHIRLEY L. Mason, Stanolind Oil and Gas Company, and JosEPpH Horn- 
BERGER, JR., Independent. 


Vinton A. Bray, recently with the Texas Petroleum Company of Venezuela, is with 
the Socony-Vacuum Oil Company, Caracas, Venezuela. 


Joun JaNovy is with the Tide Water Associated Oil Company, Tulsa, Oklahoma. 


Tue AssoOcrIATION, THE SOCIETY OF EXPLORATION GEOPHYSICISTS, AND THE SOCIETY 
oF Economic PALEONTOLOGISTS AND MINERALOGISTS will hold their joint annual con- 
vention and technical session during the third week of March, 1944. The Association 
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meeting will be restricted to two days, Wednesday and Thursday, March 22 and 23. The 
usual full day of committee meetings will be Tuesday, March 21. 


Dr. W. Taylor Thom, Jr., Professor of Geology at Princeton University, made the 
first tour of the 1943-44 season among the affiliated societies of The American Association 
of Petroleum Geologists under the auspices of the Distinguished Lecture Committee. He 
discussed the work which he has carried on for many field seasons in the Big Horn-Yellow- 
stone area, under the title “The Structural Evolution of the Big Horn Basin Region.” 
The following codperating societies participated in the lecture tour: 


October 6 Mississippi Geological Society at Jackson 
Annual Meeting 
7 Shreveport Geological Society at Shreveport 
8 Houston Geological Society at Houston 
Annual Meeting 
1r South Texas Geological Society at San Antonio 
15 Pacific Section A.A.P.G. at Los Angeles 
Annual Meeting 
19 West Texas Geological Society at Midland 
20 Fort Worth Geological Society at Fort Worth 
Luncheon Meeting 
20 North Texas Geological Society at Wichita Falls 
21 Dallas Petroleum Geologists at Dallas 
22 Oklahoma City and Shawnee Geological Society at Oklahoma City 
25 Tulsa Geological Society at Tulsa 
26 Kansas Geological Society at Wichita 
28 Illinois Geological Society at Mt. Vernon 
Joun L. FERGUSON 


New officers of the Mississippi Geological Society are: president, K. K. SPoonER, The 
Atlantic Refining Company; vice-president, LyMaN C. DENNIS, Pure Oil Company; and 
secretary-treasurer, C. L. MorGav, all of Jackson, Mississippi. 


LIEUTENANT (j.g.) Jay B. WHARTON, JR., formerly a consulting geologist in Lafayette, 
Louisiana, has reported to the Naval Indoctrination School at Tucson, Arizona. 


The Shawnee Geological Society has elected the following officers for 1943-1044: 
president, Epwin A. Dawson, 1829 N. Broadway; vice-president, Roy McANINCH 
Stanolind Oil & Gas Company; and secretary-treasurer, MARCELLE MousLeEy, The 
Atlantic Refining Company. 


New officers of the Pacific Section are as follows: president, R. G. REESE, Standard 
Oil Company of California; vice-president, GLENN H. Bowes, Continental Oil Company; 
and secretary-treasurer, ROBERT T. WHITE, Barnsdall Oil Company. 


The Indiana-Kentucky Geological Society held its first Fall meeting on October 8. 
The following officers, all of Evansville, Indiana, were elected for the year 1943-1944: 
president, GEORGE R. WESLEY, Skelly Oil Company; vice-president, ROBERT F. EBERLE, 
The Superior Oil Company; and secretary-treasurer, HILLARD W. BopKIN, The Superior 
Oil Company. 

Roy A. Gi1nTER has closed his chemical laboratory in Tulsa, Oklahoma, and is now 
with the United States Geological Survey, Tulsa. 


W. Taytor THoM, JR. gave a paper recently before the Shawnee and Oklahoma City 
Geological Societies. His subject was, “The Structural Evolution of the Big Horn Basin 
Region.” 
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T. W. Kocu has severed his connection with the Standard Oil Company of Texas 
and is now assistant chief geologist for The Superior Oil Company, Midland, Texas. 


GEORGE V. CoHEE’s new address is the United States Geological Survey, Department 
of Geology, University of Michigan, Ann Arbor. 


Ray V. HENNEN is now associated with the General Oil Sales Corporation, Houston, 
Texas, as chief geologist. 


ArtuHoR S. GALE, JR., formerly with The Texas Company, Houston, Texas, may now 
be addressed in care of the Pan-American Producing Company, Houston 2, Texas. 


Roy G. Mean, Jr. has left the Mohawk Petroleum Corporation and is now a second- 
lieutenant in the United States Marine Corps Reserves. His present address is Head- 
quarters Squadron, M. C. A. S., Marine Barracks, Quantico, Virginia. 


BrAME Womack, district geologist for the Sohio Producing Company, may be ad- 
dressed at Box 145, Shreveport, Louisiana. 


A. E. BARNES, JR., formerly with the Ohio Oil Company, Owensboro, Kentucky, has 
been transferred to the company’s geological department at Marshall, Illinois. 


Ratpu S. PowE Lt, formerly with The Texas Company, Tulsa, Oklahoma, is now a 
consulting geologist in Dallas, Texas. His address is 4415 Normandy, Dallas 5s. 


Jutes BRAUNSTEIN has been transferred from the Shell Oil Company, Shreveport, 
LouisIANA, to Jackson, Mississippi. He may be addressed in care of the Shell Oil Com- 
pany, Inc., Box 93, Jackson. 


Dan KRALIs, JR. is now a geologist with the Stanolind Oil & Gas Company, Wichita, 
Kansas. 


CHARLES P. MILLER has entered consulting work and his present address is Box 385, 
Hobbs, New Mexico. 
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PROFESSIONAL DIRECTORY 


Space for Professional 


Cards Is Reserved for 


Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 979,. Tulsa, 1, Oklahoma 


CALIFORNIA 


J. L. CHASE 

Geologist _ Geophysicist 
529 East Roosevelt Road 

LONG BEACH CALIFORNIA 


Specializing in Magnetic Surveys 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


JEROME J. O'BRIEN 
Petroleum Geologist 
Examinations, Reports, Appraisals 


500 Lane Mortgage Bldg. 
208 West Eighth St. 
McCartHy & O'BRIEN Los Angeles, Calif. 


ERNEST K. PARKS 
Consultant in 
Petroleum and Natural Gas Development 
and 
Engineering Management 


614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 


Western Geophysical Company 


711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


R. L. TRIPLETT 
Contract Core Drilling 


2013 West View St. 
Los AN 


WHitney 9876 GELES, CALIF. 


VERNON L. KING 
Petroleum Geologist and Engineer 
707 South Hill Street 
Los ANGELES, CALIFORNIA 
Vandike 7087 


COLORADO 


COLORADO 


C. A. HEILAND 
President 
Heiland Research Corporation 


Geophysical Equipment 
Industrial and Scientific Instruments 


130 East Fifth Avenue 
,DENVER, 9, COLORADO 


HARRY W. OBORNE 


Geologist 
304 Mining Exchange Bldg. 230 Park Ave. 
Colorado Springs, Colo. New York, N.Y. 


Main 7525 Murray Hill 9-3541 


EVERETT S. SHAW 
Geologist - Engineer 


3131 Zenobia Street 
DENVER, COLORADO 


Exploration Surveys 
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ILLINOIS 


ELMER W. ELLSWORTH 
Consulting Geologist 


201 Grand Theatre Building 
132 North Locust Street 
CENTRALIA, ILLINOIS 


Now in military service 


L. A. MYLIUS 


Geologist Engineer 


New Fowler Bldg., 311 East Broadway 
Box 264, Centralia, Illinois 


LOUISIANA 


WILLIAM M. BARRET, INC. 
Consulting Geophysicists 


Specializing in Magnetic Surveys 


Giddens-Lane Building SHREVEPORT, La. 


NEW YORK 


FREDERICK G. CLAPP BROKAW, DIXON & McKEE 
: : Geologists Engineers 
Consulting Geologist 
Examinations, Reports, OIL—NATURAL GAS 
Appraisals, Management Examinstions, Reports, Appraisals 
50 Church Street Chickasha 
New York Oklahoma 120 ted Gulf Building 
New York louston 
OHIO 
JOHN L. RICH 
Geologist 


Specializing in extension of ‘‘shoestring’’ pools 
University of Cincinnati 
Cincinnati, Ohio 
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OKLAHOMA 


GEOLOGIC AND STRUCTURAL MAPPING FROM 
AERIAL PHOTOGRAPHS 


ELFRED BECK 
Geologist LOUIS. DESJARDINS 
Aero-Geologist 
717 Bldg. D Box 55 
Tulsa, Oklahoma Temporary Address: 
Box 129, Edmonton, Alberta 
R. W. Laughlin L, D. Simmons 


WELL ELEVATIONS 


LAUGHLIN-SIMMONS & CO. 
615 Oklahoma Building 
TuLsa OKLAHOMA 


CLARK MILLISON 
Petroleum Geologist 


A. I, LEVORSEN 
Petroleum Geologist 


Philtower Building 221 Woodward Boul i 
TuLsa OKLAHOMA OKLAHOMA 
6. C. L. WAGNER 
Consulting Geologist 
Geologist and Geophysicist Petroleum Engineering 
Seismograph Service Corporation Geophysical Surveys 
4 2259 South Troost Street 
Kennedy Building Tulsa, Oklahoma TULSA OKLAHOMA 
PENNSYLVANIA 
HUNTLEY & HUNTLEY 
Petroleum Geologists 
and Engineers 
L. G. HuntLgy 
J. R. Jr. 
Grant Building, Pittsburgh, Pa. 
TEXAS 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 


Independent Exploration Company 
Esperson Building Houston, Texas 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist, Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l. Standard Bldg. 
HOUSTON, TEXAS 
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TEXAS 


CUMMINS & BERGER 
Consultants 


1601-3 Trinity Bldg. 
Fort Worth, Texas 


Ralph H. Cummins 
Walter R. Berger 


E. DgGOLYER 
Geologtss 
Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


JOHN M. HILLS 
Consulting Geologist 
Midland, Texas 


J. E. (BRICK) ELLIOTT 
Petroleum Engineers 
Houston Club Houston, Texas 


Duration address: Major J. E. Elliott 
Dallas Chemical Warfare Procurement Office 


Analyses ef Brines, Gas, Minerals, Oil, Inter- 
pretation of Water Analyses. Field Gas Testing. 


82844 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


Box 418 : Phone 1015 700 Mercantile Bank Bldg., 106 Ervay St., 
Dallas, Texas 
F. B. Porter R. H. Fash W. G. Savitte J. P. ScHuMACHER A. C. PAGAN 
President - Vice-President GRAV M R LORATION CO 
THE FORT WORTH ITY ME t 
LABORATORIES TORSION EXPLORATION 


Gravity Surveys 


Domestic and Foreign 
1347-48 ESPERSON BLDG. HOUSTON, TEX. 


CECIL HAGEN 
Geologist 


Gulf Bldg. HOUSTON, TEXAS 


L. B. HERRING 
Geologist 
Natural Gas Petroleum 


Bune, CORPUS CHRISTI, TEXAS 


G. W. 
HUDNALL & PIRTLE 
Petroleum Geologists 
Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


J. S. HUuDNALL 


JOHN S. IVY. 
Geologist 


1124 Niels Esperson Bldg., HOUSTON. TEXAS 
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TEXAS 


W. P. JENNY 
Consulting Geologist and Geophysicist 


Specializing in MICROMAGNETIC SURVEYS, 
GEOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 
KLAUS EXPLORATION COMPANY 

H. KLAUS 
Geologist and Geophysicist 


115 South Jackson 2223 15th Street 
Enid, Oklahoma Lubbock, Texas 


JOHN D. MARR 
Geologist and Geophysicist 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 


No Commercial Work Undertaken 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 


Gulf Building Houston, Texas 


ROBERT H. RAY 
ROBERT H. RAY, INC. 


Geophysical Engineering 


Gravity Surveys and Interpretations 


Gulf Bldg. Houston, Texas 
F. F, REYNOLDS B. Rosams 
SUBTERREX 
Geopbhysicist 
BY 


SEISMIC EXPLORATIONS, INC. 


Gulf Building Houston, Texas 


Geophysics and Geochemistry 


Esperson Building Houston, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 
2101-02 Alamo National Building 

SAN ANTONIO, TEXAS 


WEST VIRGINIA 


DAVID B. REGER 
Consulting Geologist 
217 High Street 
MORGANTOWN WEST VIRGINIA 


WYOMING 


E. W. KRAMPERT 
Geologist 
P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


COLORADO ILLINOIS 
IN ICAL ETY 
GEOLOGISTS GEOLOGICAL SOCI 
DENVER, COLORADO President - + = - + + Darsie A. Green 
Ralph D. Copley The Pure Oil Box 311, Olney 


The California Company 
1st Vice- - C. E. Erdmann 
Geological Survey 
2nd Vice- John E. Blixt 
The Texas Compan 
Secretary-Treasurer - + Gaylord Frazier 
U. S. Geological Survey, 208 Custom House 


Dinner meetings, first and third Mondays of each 
month, 6:15 P.M., Cosmopolitan Hotel. 


Vice-President + - + + + + Clark T. Snider 
Lario Oil and Gas Company, Mt. Vernon 


Secretary-Treasurer - - - + + Fred H. Moore 
Magnolia Petroleum Corp., Box 535, Mt. Vernon 


Meetings will be announced. 


INDIANA-KENTUCKY KANSAS 
KANSAS 
GEOLOGICAL SOCIETY 


GEOLOGICAL 
EVANSVILLE, INDIAN 


President - - - - = = George R. Wesley 


Skelly Oil Co. 


Vice-President - - - - - + Robert F. Eberle 
The Superior Oil Company 


Secretary-Treasurer - - - + Hillard W. Bodkin 
The Superior Oil Company 


Meetings will be announced. 


WICHITA. KANSAS 
President - - E. P. Philbrick 
Magnolia Petroleum Company 
Vice-President - - = M. Copass 
Amerada Petroleum Cor, 

- B. McNeely 

Ellis- Singleton Building 
Manager of Vell Log Bureau - Harvel E. White 
Regular Mortings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 
Visitors cordially welcomed. 
The Seciety sponsors the Kansas Well Log Bureau 
~~. is located at 412 Union National Bank 

juilding. 


LOUISIANA 


LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 
President - J. W. Hoover 
The California Co., 1818 Canal Bldg. 
Vice-President - - - H. C. Petersen 
Freeport Sulphur Co., American Bank Bldg. 
-Treasurer_- - W._J. Gillingham 
ladies Well Surve ing Corporation 
452 Canal Bldg. 
Meets the first Monday of every month, 7:30 P.M., 
St. Charles Hotel. Special meetings by announce- 
ment. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


President + - - W. H. Spears 
Union Producing Company, ‘Drawer 1407 
- T.H. Philpott 
Carter Oil Company, Drawer ye 


Cc. Spooner, Box 1195 
Meets the first Seley z every month, September 
to May, inclusive P.M., Criminal Courts 
Room, Caddo Parish tal House. Special meetings 
and dinner meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 
SOCIETY 


LAKE CHARLES, LOUISIANA 


E. McGlasson 
Stanolind Oil and Gas Samia 


President - 


Vice-President - - - C.B. Roach 
Shell Oil Company, Inc. 

Secretary - A, L. Morrow 
Magnolia Petroleum eed 
Treasurer - - - + D.N. Rockwood 
Union Producing Company 
Meetings: Luncheon 1st Wednesday at Noon 


(12:00) and business meeting third Tuesday of each 
month at 7:00 p.M, at the Majestic Hotel. Visiting 
geologists are welcome. 


MICHIGAN 
GEOLOGICAL SOCIETY 


President - - - George 
Sun Oil Company, Tolede 


Vice-President - - - + Edward J. Baltrusaitis 
Gulf Refining Company, Box 811, Saginaw 


- Mrs. Lucille Esch 
State Geological Survey, Lansing 


Business Manager - - William Schulz 
Cities Service Oil Co., Mt. Pleasant 


Meetings: Bi-monthly from November to April at 
Lansing. Afternoon session at 3:00, informal din- 
ner at 6:30 followed by discussions. ‘(Dual meetings 
for the duration.) Visiting geologists are welcome. 


Lindberg 


. 
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OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 


Presiden - K. K. Spooner 
The. "Atlantic Refining Company, Box 2407 


Pure Oil Company, hex 1141 


Secretary-Treasurer - L. Morgan 


Consulting, Edwards “Hotel 


Meetings: First and third Wednesdays of each 
month ,from October to May, inclusive, at 7:30 
p.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings 


ARDMORE 


GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 


. C. Hannum 


J. P. Gill 


President - - 
“The Texas 
Vice-President - 
Sinclair Prairie “Oil Company 
Secretary-Treasurer - J._M. Westheimer 
Samedan Oil Corporation, Box 959 


Dinner meetings will be held at 7:00 p.m. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


HOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President -_- - - I. Curtis Hicks 
Phillips “Petroleum Company 
1211 First National = 
Vice-President - - G. Dahlgren 
Interstate Oil Compact 
State Capitol 
Secretary-Treasurer - - - - Theodore G. Glass 
Sinclair Prairie Oil Company 
703 Colcord Building 
Meetings: Technical program each month, subject 
to call by Program Committee, Oklahoma City 
yale. 24th Street and Blackwelder. Luncheons: 
Every Thursday, at 12:00 noon, Skirvin Hotel 

Coffee Shop. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - Edwin A. Dawson 
1829 N. Broadway 

Vice-President - Roy McAninch 
Stanolind Oil ‘and Gas ‘Company, Box 1099 


Secretary-Treasurer - - - - Marcelle Mousley 
Atlantic Refining Company 


Meets the fourth antes of each month at 8:00 
~~. at the Aldridge Hotel. Visiting geologists 
welcome. 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 


President - - Robert E. Garrett 
Consulting Geologist, 301, Building 
1st Vice-President - - J. V. Howell 
912 Philtower 
2nd - - + + + + Jerry E. Upp 
Amerada Petroleum 
- Jam Price 

McBride, Inc., 625 Wright 
Editor - - - Roy L. Ginter 
” Ginter Laboratory 


Meetin First and third Mondays, out month, 
rom chober to May, inclusive, at 8:00 P.M., 
University of Tulsa, Kendall Hall Auditorium’ 
Luncheons: Every Tuesday (October-May), Brad- 
ford Hotel. 


TEXAS 


CORPUS CHRISTI GEOLOGICAL 


SOCIETY 
CORPUS CHRISTI, TEXAS 
President - - - Frith C. Owens 
Consulting, “Nixon Bung 
Vice-President - D. Pressler 


Humble Oil and ‘Refining ‘inne “Box 1271 


Secretary-Treasurer - - - John Bruce Scrafford 
Consulting, Driscoll Building 


Regular luncheons, every Wednesday, Petroleum 
Room, Plaza Hotel, 12:05 P.M. Special night meet- 
ings, by announcement. 


DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 


President - Ss. 
Magnolia Petroleum oO. 


Vice-President Og M. Wilson 


A. Thompson 
Box 900 


Continental. Buil 
Secretary-Treasurer - + Robert I. Seale 
Schlumberger Well Surveying Corporation 
1004 Continental Bling 
Executive Committee - nox 
Republic Natural Gas Ca Houseman Milde 


pn ga Regular luncheons, first Monday of each 
month, 12:00 noon, Petroleum Club, Adolphus 
Hotel. Special night meetings by announcement. 


os 

| 
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TEXAS 
EAST TEXAS GEOLOGICAL FORT WORTH 
SOCIETY GEOLOGICAL SOCIETY 
TYLER, TEXAS ~ FORT WORTH, TEXAS 
President - G. J. Loetterle P, 
Shell Oil Company, Inc., Box 2037 Cpe 
Vice-President - B. W. Allen . 
Gulf Oil Corporation Vice-President - - - William J. Hilseweck 
Secretary-Treasurer - Harden Gulf fon Corporation 


Sinclair Prairie Oil Company, Box Co 


Executive Committee - - J. H. McGuirt 
Magnolia Petroleum Company 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 


- + + Richard Schweers 
The Texas Company, Box 1720 


Meetings: Luncheon at noon, Texas Hotel, first 
and third Wednesdays of each month, jointly 
be Petroleum Engineers Club. Visiting geologists 
welcome. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 
President - - + Leslie Bowling 
Union Oil Company of California 
Vice-President W. B. Milton, Jr. 

Gulf Oil Corporation 


Secretary - W. B. Moore 
Atlantic Refining Company, Box vise 


G. J. Smith 


Treasurer - - 
Pan American Producing Company 


Regular meeting held the first and third Thursdays 
at noon (12 o'clock), Mezzanine floor, Texas State 
Hotel. For any particulars pertaining to the meetings 
write or call the secretary. 


CIETY 
SAN ANTONIO, TEXAS 


SOUTH GEOLOGICAL 


President - Jr. 
Consulting, 2101 Alamo National Bui ding 


Vice-President Harvey Whitaker 
Consulting, 1409 Milam nest 


Secretary-Treasurer - rthur H. Petsch 
The Ohio Oil Co., 1417 Milam Building 


Meetings: Third Tuesday of each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - - + Dan D. Heninger 
The Ohio Oil Company, 615 Hamilton Bldg. 
Vice-President - - Dolph E. Simic 
Cities "Service Oil Co. 


Secretary-Treasurer - Carlos M. Ferguson 
Magnolia Petroleum Co., 500 Waggoner Bldg. 


Luncheons and evening programs will be an- 
nounced. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 


President - - - - Fred H. Wilcox 
Magnolia Petroleum Company 
Vice-President - - + Prentiss D. Moore 

oore Exploration Company 
Secretary-Treasurer - - - Dana M. Secor 
Atlantic Refining ‘Company 
Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


WEST VIRGINIA 
. O. Box 
President - - Charles Brewer, Jr. 
Go dfrey Cabot, Box 1473 
Vice-President - - 3. 
Public Service Commission 

Treasurer - - Cramon Stanton 
nited Carbon Company, Box 1913 

- Robert C. Lafferty 

“Ia Service (Navy) 


Wagner 


Editor - - 


Meetings: Second Monday, each month, ex . 
and August, at 6:30 P.M., Kanaw 


THE SOCIETY OF 
EXPLORATION GEOPHY: 

President - - R 
Gulf Research and “Development Min 
Pittsburgh, Pennsylvania 
Vice-President - - - - William M. Rust, Jr. 
Humble Oil & Refining Company, “o% exas 


Editor. Sharpe 
Stanolind Oil “and Gas ‘Company, Tulsa, Sitshosse 
- - Hart Brown 
Brown Geophysical Company, Box 6005 
Houston, Texas 
Past-President - + Frank Goldstone 
Shell Oil Company, Inc., Houston, Texas 
. F. Gallie 
0. Box 1 1925, ‘Washington, 
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Important for Paleontologists and Stratigraphers! 


MIOCENE STRATIGRAPHY 
OF 


CALIFORNIA 


By ROBERT M. KLEINPELL 


This Work Establishes a Standard Chronologic-Biostratigraphic Section 
for the Miocene of California and Compares It with the Typical 
Stratigraphic Sequence of the Tertiary of Europe 


WHAT OTHERS HAVE WRITTEN ABOUT IT 


“In spite of any defects it may have, moreover, many of us suspect that Kleinpell’s 
book is of the kind called epoch-making. If so, in 50 or 100 years it will stand out like 
a beacon among its contemporaries and, along with a very few others of them will read 
with a ‘modern’ tang. Oppel’s ‘Die Juraformation,’ or Suess’ ‘Die Entstehung der Alpen,’ 
or to go back to the beginning, De Saussure’s ‘Les Voyages dans les Alpes’ may be cited 
among older geological classics that are now distinguished by this same tang.”—Ralph 
D. Reed in Journal of Paleontology, Vol. 13, No. 6 (November, 1939), p. 625. 


“The Neogene of California is disposed in tectonic basins, about a dozen in number, 
from Humboldt in the north to Los Angeles in the south. About half-way along is the 
Paso Robles basin, and in this lies the Reliz Canyon, which provides the author with his 
type section. The aerial photograph serving as frontispiece shows the area to be sufficiently 
arid to give a practically continuous exposure; but one must: admire the painstaking 
determination with which so many successive associations of Foraminifera were col- 
lected, identified and tabulated. Such labour would scarcely have been thought of with- 
out the stimulus which the search for oil has given to the detailed study of Foraminifera. 

“This should be the standard work on the Miocene of California for years to come.” 

A.M.D. in Nature, Vol. 144 (London, December 23, 1939), p. 1030. 


© 450 pages. 

© 14 line drawings, including correlation chart in pocket. 

© 22 full-tone plates of Foraminifera. 

® 18 tables (check lists and range chart of 15 pages). 

® Bound in blue cloth; gold stamped; paper jacket; 6x9 inches. 


PRICE: $5.00, POSTPAID 


($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATE MEMBERS) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, USS.A. 
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FIRST IN OIL FINANCING 


| 1895—1943 
The FIRST NATIONAL BANK 


and Trust Company of Tulsa 


MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 
Telephone L D 101 Dallas, Texas 


BAROID WEIGHTED 
MUDS 


CONTROL 
FORMATION PRESSURES 
AND PREVENT CAVING 


BAROID, the pioneer weighting material for drilling 
mud, has been successfully used in thousands of wells 
to contro! formation pressures and to prevent caving. 
Muds suitably weighted prevent bl ts. The speed of 
drilling operations is also increased. BAROID has a high 
specific gravity (almost twice that of most native clays) 
and will make p bl h 


muds weighing as much as 20 
pounds per gallon (150 pounds per cubic foot). It may 
be added to the mud by means of a cone-and-jet type 

BAROID SALE Ss DIVI Ss | °o N mixer, as shown above. BAROID is easy to transport and 

NATIONAL LEAD COMPANY will not deteriorate in storage. BAROID is immediately 

BAROID SALES OFFICES: LOS ANGELES © TULSA * HOUSTON ilable in 409 locations in the United States andCanada. 


BAROID PRODUCTS: BAROID and COLOX ¢ AQUAGEL « FIBROTEX « BAROCO « STABILITE e AQUAGEL-CEMENT 
SMENTOX © ZEOGEL © IMPERMEX ¢ MICATEX © TESTING EQUIPMENT ¢ BAROID WELL LOGGING SERVICE 


ee 
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complete facilities for geophysical exploration are 
t the wartime needs of operators requiring efficient, 


‘now being taxed to the limit to mee 
accurate and reliable surveys 


—Howeve = WESTERN. will not compromise on the quality of its work by 
going beyond its capacity to achieve dependable results, either by reducing the amount 
of time, expense and effort required to provide the latest type instruments and equip- 
ment for each field party, or by placing the responsibility for surveys in the hands of 
partially trained or inexperienced crews. 


Thus, while continuing a healthy expansion program that has always been 
a part of its established policy, WESTERN makes this pledge to its customers: 


Any western survey made for you today will be made te the same high 
standards of accuracy and dependability as sefore the war... and while 


our services may not be as readily available cue te current limitations, we 


will attempt to meet the demands of our clients te the best of our ability 


and capacity anywhere in the United States. 


(Zi 4 unusually 
aS 
& 
j 
EDISON BLDG... LOS ANGELES, BLOG, PULSA, OKLA. ESPERSON BLDG, HOUSTON, 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA, E.M.M.Sc. 
and 
W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99%, of the 
conditions under which the average operator is working in the field. 


The second edition of the PRACTICAL PETROLEUM ENGINEERS’ HANDBOOK has been com- 
pletely revised and enlarged. The many changes which have been made during the past two 
years in the Standard Spzcifications of the American Petroleum Institute, particularly in pipe 
specifications, are incorpcrated in the new edition. Several tables are rearranged and charts 
enlarged to facilitate their use. Table of Contents and Index are more complete. Aiso about 90 
pages of new formulae, tables, charts and useful information have been added. 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 


Chapter | —General Engineering Data 
Chapter —Steam 

Chapter Ill —Power Transmission 
Chapter IV —Tubular Goods 

Chapter —Drilling 

Chapter VI —Production 

Chapter —Transportation 


| Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 


Send Checks to the 


GULF PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON, TEXAS 
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IS BEING FOUND BY Geszera/ TODAY 


GEOPHYSICAL COMPANY HOUSTON 


= 
i 
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SEISMIC EXPLORATIONS, INCORPORATED 
HOUSTON, TEXAS 


2.484 


URFACE SURVEYS. 
ANS — SS SOC CS E322, 


ciation 0 3 XXill 


Make your Seismic Charge a 


RIGID COLUMN 


with 


SPIRALOK 


u 
a 
8 2. ANOTHER SLEEVE 
is easily and quickly screw- 
1, BOTH CARTRIDGE and a ed into the remaining or exposed 
. H sleeve are threaded full-length i half of the cartridge. The sleeve 
is for easy, rigid joining. You sim- is screwed down firmly against 
4 & ly screw a Spiralok* cartridge a the preceding sleeve, building 
alf-way into the sleeve. Then... a complete double-shell column, 


3. CONTINUE 

THREADING 

Spiralok cartridges 

and shells together 

until the required length 

of explosives is obtained. 

The result is a solid column of 

explosives held rigid by the tight- 
fitting, threaded sleeves. 


ER YOU WISH 
to start the detonation wave, in- 
sert the detonator—leading the 
wires out of the nearest joint. This 
continuouscharge, supported by 
the full-length Spiralok sleeves, 
is now ready for the bore hole. 


ask the HERCULES man about VIBROGEL* in the new shell 


HERCULES * SPIRALOK 


HERCULES POWDER, COMPANY 


INCORPORATED 


908K KING STREET - WILMINGTON, DELAWARE 
*Reg. U. S. Pat. Office 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


W. ct tite Complete Reproduction Plant 
Spencer Lens American Paulin Instruments Repair 


12 West Fourth Street, Tulsa 1, Oklahoma 


GEOLOGY OF THE TAMPICO REGION, MEXICO 
By JOHN M. MUIR 
280 pp., 56 illus. Cloth. 6 x 9 inches. 
$4.50 ($3.50 to A.A.P.G. members and associates) 
American Association of Petroleum Geologists, Box 979, Tulsa 1, Oklahoma 


MIOCENE STRATIGRAPHY OF CALIFORNIA 
By Robert M. Kleinpell 


450 pages; 14 line drawings, including a large correlation chart in pocket; 22 full- 
tone plates of Foraminifera; 18 tables (check lists, and a range chart of 15 pages). 
Bound in blue cloth; gold stamped; paper jacket: 6 x 9 inches. 


PRICE: $5.00, POSTPAID 
($4.50 TO A.A.P.G. MEMBERS AND ASSOCIATES) 


The American Association of Petroleum Geologists 


BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


REPORT OF 
A SYMPOSIUM ON 
PETROLEUM DISCOVERY METHODS 


CONDUCTED BY THE RESEARCH COMMITTEE, 
A. I. LEVORSEN, CHAIRMAN, AT THE 27TH AN- 
NUAL MEETING OF THE ASSOCIATION, AT 
DENVER, APRIL 21, 1942 


164 PP. LITHOPRINTED. 8.5 x 11 INCHES. PAPER COVER 
PRICE, $1.00, POSTPAID 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. - 
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The Annotated 
Bibliography of Economic Geology 
: Vol. XIV, Nos. | & 2 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-XIII 
can still be obtained at $5.00 each. 

The number of entries in Vol. XIV is 
1,978. 

Of these, 540 refer to petroleum, gas, 
etc., and geophysics. They cover the 
world, so far as information is available 
in war time. 

If you wish future numbers sent you 
promptly, kindly give us a continuing 
order. 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 


Economic Geology Publishing Co. 
Urbana, Illinois, U.S.A. 


GEOLOGY OF 
NATURAL GAS 


EDITED BY HENRY A. LEY 


A comprehensive geologic treatise of the oc- 
currence of natural gas on the North Ameri- 
can Continent. 


1227 pages 
250 illustrations 
Bound in cloth. 6 x 9 x 2 inches 
$4.50 Postpaid 
$6.00 to non-members 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


Box 979, Tulsa 1, Oklahoma 


Original and important information 
for mining and petroleum engineers, 
supervisors and production men of 
mining and oil companies, geologists, 
geophysicists, prospectors, patent at- 
torneys and others. Dr. Jakosky, 
Dean, School of Engineering, Profes- 
sor of Petroleum Engineering, Uni- 
versity of Kansas, was aided by staff 
of 32 nationally-known geophysicists 
in compiling this book. 


Complete Compilatio 
of Modern 


Describes and illustrates the funda- 
mental theories, detailed descriptions 
of instruments, equipment and field 
techniques of the recognized explor- 
atory geophysical methods and appli- 
cations to problems of economic ge- 
ology. 430 illustrations; 786 pages,easy 
toread. Already adopted a; textbook 
by manyleading universities. Astand- 
ard reference book of all times. Sold 
with privilege of return for full credit. 


ORDER YOUR COPY NOW 


TIMES-MIRROR PRESS 
Los Angeles, Calif. 


110 South Broadway 
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SHOTHOLE JETTING BIT- 
For Use With 
FEDRALITE PLASTIC SHOTHOLE CASING . 


Here's a quick-action bit for hand drilling, de- 


signed expressly for use with Fedralite Plastic 
Shothcle Casing. Made on the pattern of regu- 
lar fishtail gumbo bits, its two 34” water courses 
provide strong jetting action and keep the sharp 
cutting edges of the bit clean. While the bit 
is of cast iron and is 6 inches in length, it weighs 
only 5 pounds. The shank is threaded 3 threads 
per inch to engage the threads of our Stand- 
ard "Thread-Tite" Coupling. 


» FEDERAL ELECTRIC COMPANY, INC. 


Plastic Division 
FD—300 Fish Tail 700 Waugh Drive, Houston 8700 S. State Street, Chicago 


Jetting Bit 
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WE DEPEND ON THE 
REED FOR ALL OUR 
CORING JoBs! 


Operators in every part of the world ore 
with Confidence’ with the Reed ’’BR” Wire * 
Line Coring-Drilling Bit on bottom. They have 
learned through practice and experience that 
for positive results in hard or soft formations 
they can depend on Reed Core Drills. 


COMPLETE CORING SERVICE 
The REED KOR-KING CONVENTIONAL 
The REED “BR” WIRE LINE 

The REED STREAMLINED KOR-KING 
FOR SMALL HOLE DRILLING 


HARD AND SOFT FORMATION 
HEADS INTERCHANGEABLE 


: 
| 
| 
— 
| 
f 
INOS 
OFFICE BOX 2119 HOUSTON, TEXAS 


A prospective fifty per cent curtailment 
in an already reduced drill- 


of materials i 
s the need for the 


ing program double 


highest degree of accuracy and integrity 


in Seismograph Surveys. 

New reserves must be found. Now. more 
than ever before, mature exploration 
judgment and long range planning are 
essential. 


Neither time. materials nor money can 


be wasted on dry holes. Call in G.S.L. 


n your 1943 Exploration program. 


SEISMOGRAPH SURVEYS 


— Mc 
DE 
— President 


SERVICE INC. 


DALLAS, TEXAS 


BRANCH OFFICE: HOUSTON, aie 
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background 


Founded upon the rotary method of 
drilling, Hughes Tool Company has for 
34 years fought the peacetime battle 
for production of better drilling tools. 

The experience and skill acquired 
over these years is now employed in the 
manufacture of such war products as 
gun barrels; airplane landing gear and 
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Hughes Tool Company designed and built the Hughes Air- 
craft Strut Division ... acted in a consulting capacity in 
the design and construction of the Dickson Gun Plant... 
furnished the entire executive and operating personnel for 
both plants . . . which are now in operation... 


propeller ferrules; armor plate, brake 
drums, and transmission parts for 
tanks; castings for synthetic rubber 
plants; struts, pump parts, rudder 
arms, rudder bearings, stuffing tubes, 
and other parts for ships—these in ad- 
dition to essential tools for the Oil Well 
Drilling Industry. 


HUGHES TOOL COMPANY 
HOUSTON TEXAS 
or Organization in Men and Management for 


RUT DIVISION—DICKSON GUN PLANT—HUGHES AIRCRAFT COMPANY 
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